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PREFACE. 


Of  the  fundamental  importance  of  the  most  accurate 
attainable  knowledge  concerning  the  true  atomic  weights 
of  the  elements  there  can  be  no  two  opinions.  If  the  enor- 
mous mass  of  known  facts  relating  to  the  properties  of 
matter  is  ever  to  he  brought  under  wide  generalizations,  it 
is  with  the  simple  substances  that  a  beginning  must  be 
made,  and  with  the  simplest  property  of  these  substances, 
the  rellKtive  weights  of  their  ultimate  particles.  Berzelius 
held  this  view  and  the  labors  of  Mendelejeff,  Meyer  and 
others  leave  no  question  as  to  the  fiict  of  a  relation  between 
the  atomic  weights  and  the  properties  of  simple  and  com- 
pound matter.  Accurate  information  on  the  subject,  how- 
ever, is  not  easily  attainable ;  difierent  writers  on  chemistry 
follow  different  authorities,  and  some  even  take  a  mean 
between  the  results  arrived  at  by  experimenters  of  different 
degrees  of  skill  and  accuracy,  or  assume  some  convenient 
number  without  experimental  foundation.  Nowhere,  to  my 
knowledge,  is  there  even  an  approximately  complete  list  of 
the  determinations  that  have  been  made. 

Forced  back,  myself,  upon  the  original  memoirs  for  in- 
formation, I  believed  that  I  should  do  other  chemists  a 
service  in  presenting  to  them  a  short  but  systematic  digest 
of  each  investigation  on  the  subject,  including  the  following 
points,  so  far  as  they  could  be  ascertained :  The  nature  of 
the  material  experimented  upon,  and  the  method  of  its 
preparation ;  the  experimental  method  adopted  to  effect  the 
determination,  and  the  number  of  experiments;  the  mean 
result  reached  by  the  experiments,  and  the  extreme  differ- 
ence between  the  results;  such  a  record  of  the  constants 
employed  in  the  calculation  as  will  enable  any  one  to  recal- 
culate the  results  for  diffei'ent  constants ;  and  the  place  in 
literature  where  the  original  paper  is  to  be  found. 
The  following  pages  are  the  result.    From  the  information 
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he  will  find  in  them,  the  experienced  chemist  will,  in  most 
cases,  I  think,  be  able  to  decide  which  determination  ofiers. 
the  best  guarantees  for  accuracy,  or  at  least  between  which 
determinations  his  choice  must  lie,  forming  his  judgment  to 
a  great  extent  inde'pendently  of  the  comparative  reputation 
of  the  observers — not  always  a  safe  guide  where  one  is,  in  a 
general  way,  the  unquestionable  superior  of  the  other — and 
no  guide  at  all  when  the  names  carry  on  the  whole  an  equal 
weight.  As  a  record  of  the  direction  investigations  have 
taken  and  of  analytical  methods  of  the  most  exact  character 
also,  I  hope  that  this  digest  may  not  be  without  value. 

As  this  compilation  would  serve  rather  to  mislead  than 
to  assist  investigators,  unless  it  be  accurate  and  practically 
exhaustive,  it  seems  proper  to  explain  the  manner  in  which 
it  has  been  prepared.  Believing  it  best  to  work  independ- 
ently of  any  previous  compilations,  I  selected  as  my  base 
the  three  great  German  journals — Poggendorffs  Annaleny 
Liebig^s  AnnaUnj  and  Erdmann^a  Journal  fiir  Praktische 
Chemie,  My  choice  was  determined  not  only  by  the  posi- 
tion these  journals  take  in  chemico-physical  science,  but  by 
the  fact  that  their  indices  are  admirable,  and  their  tone 
cosmopolitan;  all  of  them,  until  lately,  having  furnished 
their  readers  with  the  scientific  news  of  the  time,  and  with 
abstracts  from  and  translations  of  the  important  papers 
published  elsewhere  and  in  whatever  language,  as  well  as 
with  original  investigations.  The  indices  of  these  journals 
I  read  through  from  beginning  to  end,  making  an  extract 
of  every  entry  which  bore  on  the  subject  of  atomic  weights, 
or  which  I  suspected  might  do  so.  In  studying  the  arti- 
cles thus  reached,  every  reference  to  other  atomic  weight 
determinations  was  preserved,  and  the  originals,  so  far  as 
possible,  sought  out ;  a  task  in  which  the  Royal  Society's 
Catalogue  of  Scientific  Papers  was  of  the  greatest  assistance. 
Having  exhausted  thp  supply  of  information  in  these  jour- 
nals, I  turned  to  BerzeUus*  Jahresberichty  and  to  its  continua- 
tion edited  by  Kopp^  Liebig  et  a2.,.and  made  a  study  of  their 
contents  by  the  same  method.  Later,  I  made  a  similar 
systematic  study  of  the  Armcdes  de  Chimie  et  de  Physique^  the 
Bericht  der  Deutschen  Chemischen  OeseUschaftj  the  Chemical 
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New8^  Fresemus^  ZeUsckrift  fUr  Analytiache  Chemiey  the 
Journal  of  the  Ghemical  Society j  the  Proceedings  of  the  Royal 
Society,  and  the  Philosophical  Transactions^  and  of  SSUiman^s 
American  Journal  of  Science.  I  have  also  made  some  use  of 
the  Philosophical  Magaziney  and  a  great  deal  of  use  of  the 
Paris  Oomptes  Bendus.  These  publications  are  not  so  in- 
dexed as  to  make  their  contents  readily  available ;  but  what 
appears  in  the  Oomptes  Bendus  is  pretty  sure  to  be  noticed 
elsewhere,  and  I  scarcely  think  that  any  determinations 
there  published  have  escaped  me.  I  have  also  made  use  of 
the  BibUothhjue  Vhiversdle,  Archives  des  Sciences  of  Geneva, 
(an  incomplete  set,  unfortunately,)  the  ZeUschrift  filr  Berg- 
SUtten-und  SaUnen-Wesen  im  Preussischen  Staate,  Thomson* s 
Annals  of  Philosophy^  QUberfs  Annalen  der  Physik  und  der 
Physikalischen  Chemiey  the  British  Association  BeportSj  the 
TranscLctions  of  the  Boyal  Society  ofEdinbwrghy  the  Transactions 
of  the  Academies  of  Brussels  and  of  ^^.  Petersburg^  and  have  con- 
sulted numerous  works  on  chemistry,  particularly  Berzelius* 
Lehrbtich  der  Chemie  and  GmeUnrKrauVs  Handbuch  der  Chemie. 
I  have  not  thought  it  necessary,  or  even  desirable,  to  ex- 
tend my  search  for  atomic  weight  determinations  further 
back  than  WoUaston's  famous  ''Table  of  Equivalents," 
published  in  the  Philosophical  Transactions  for  1814.  It  is 
true  that  numerous  determinations  had  been  made  before 
that  time,  but,  with  the  exception  of  those  mentioned  by 
Wollaston,  few  which  can  be  of  either  interest  or  value  to 
the  chemist  of  the  present  day,  except  from  a  purely  histori- 
cal point  of  view.  From  Wollaston's  table  onwards,  I  have 
not  felt  that  the  purposes  of  this  paper  permitted  of  any 
selection  between  atomic  weight  determinations,  however 
valueless  many  of  them  might  appear  to  my  own  judgment. 
Indeed,  it  has  cost  me  more  labor  to  put  many  ill-made  and 
ill-reported  investigations  into  proper  form  for  this  digest 
than  was  required  for  a  majority  of  those  determinations 
upon  which  \  set  the  highest  value.  In  the  attempt  to  make 
a  complete  collection  of  the  determinations  since  the  time 
indicated,  a  few  may  have  escaped  my  search ;  but,  if  so, 
they  must  have  fallen  singularly  dead  upon  the  chemical 
world,  and  would  be  unlikely  to  repay  further  labor  in  seek- 
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ing  them.  On  the  other  hand,  I  have  rigidly  excluded 
atomic  weights  calculated  from  analyses  never  designed  so 
to  be  used.  Any  chemist,  upon  whose  experiments  we 
could  rely,  would  proceed  in  a  very  different  manner  in 
making  an  atomic  weight  determination,  from  that  which 
he  would  select  for  an  ordinary  analysis,  and  to  put  his 
credit  at  stake  by  calculating  atomic  weights  from  analyses 
not  designed  for  this  use  is  alike  unfair  to  him  and  to  the 
scientific  public,  which  is  asked  to  receive  as  an  atomic 
weight  determination  what  really  is  not  such. 

The  purpose  of  this  paper  is  distinctly  not  critical,  and 
the  remarks  I  have  added  to,  or  inserted  in,  the  digest  are 
simply  explanatory.  I  have,  however,  frequently  mentioned 
criticisms  which  have  appeared  in  literature  when  they 
seemed  pertinent. 

As  for  the  accuracy  with  which  the  digests  have  been 
made,  I  may  state  that  the  preponderating  importance  of 
this  point  has  been  constantly  before  my  mind.  In  the 
effort  to  crowd  the  maximum  amount  of  information  into 
the  fewest  words,  I  have  had  occasion  to  refer  to  most  of 
the  p»aper8  digested  a  number  of  times,  and  at  long  inter- 
vals. I  have  always  taken  advantage  of  such  occasions,  as 
well  as  those  on  which  I  have  met  with  a  reprint,  transla- 
tion or  abstract  of  a  determination,  to  verify  the  rough 
draughts  of  my  digests.  Only  in  a  couple  of  instances  have 
I  thus  discovered  a  trifling  error.  On  the  other  hand,  I 
have  been  able  to  detect  and  point  out  numerous  misprints 
and  miscalculations  in  the  original  sources.  While,  there- 
fore, I  cannot  hope  entirely  to  have  escaped  error  in  the 
thousands  of  values  I  have  copied,  and  the  almost  equal 
number  of  calculations  I  have  made,  I  have  strong  hopes 
that  the  accuracy  of  this  digest  will  be  found  at  least  on  a 
par  with  that  of  the  original  papers. 

When,  as  is  the  case  with  provoking  frequency,  chemists 
have  given  their  analytical  data,  but  have  omitted  to  state 
the  atomic  weights,  or  other  constatits,  assumed  in  calculat- 
ing their  results,  I  have  recalculated  their  data  with  accepted 
constants,  which  I  have  in  each  case  stated.  I  have  also,  in 
many  instances,  recalculated  determinations  of  importance. 
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in  which  constants  varying  considerably  from  those  now 
received  were  assumed.  I  have  further  reduced  the  deter- 
minations originally  given  in  terms  of  O  =  100,  or  of  O  = 
15.96,  to  O  =  16.  No  confusion,  however,  will  be  found 
between  the  numbers  for  which  the  original  investigators 
are  responsible  and  my  own.  All  values  which  I  have  cal- 
culated are  in  italics,  or,  with  my  explanations,  enclosed  in 
square  brackets.  The  only  arithmetical  operation  I  have 
permitted  myself  to  perform  without  these  indications  is  a 
multiplication  or  division  by  two ;  and  even  in  such  cases 
it  will  usually  appear  from  the  digest  itself  that  this  opera- 
tion has  been  performed. 

The  abbreviations  of  the  literary  references  are  essentially 
those  adopted  in  the  Royal  Society's  Catalogue  of  Scientific 
Papers,  The  first  reference  in  each  case  is  to  the  source 
upon  which  I  have  depended.  When  two  references  are 
necessary,  they  are  connected  by  the  word  and.  When  my 
authority  is  not  the  original  source,  that  to  which  it  is  ac- 
credited in  my  authority  is  also  mentioned. 

In  conclusion,  I  shall  be  grateful  to  any  one  who,  by 
drawing  my  attention  to  omissions  or  mistakes,  will  assist 
me  in  perfecting  a  labor  which  has  occupied  all  my  availa- 
ble time  for  twenty  months. 

Berkeley,  Cal.,  Aprils  1878. 


Postscript. 


In  preparing  the  following  paper,  I  designed  making  it 
preliminary  to  a  discussion  of  the  various  determinations 
and  of  the  value  to  be  assigned  to  each,  and  in  this  work  I 
had  already  made  some  progress.  After  presenting  this 
paper  to  the  Institution,  however,  I  learned  that  Prof  F.  W. 
Clarke  had  been  for  some  time  engaged  on  a  similar  under- 
taking, and  to  him  I  gladly  resigned  the  discussion  of  the 
data  here  compiled.  The  two  papers  will  appear  in  the 
same  form,  and  may  be  regarded  as  complementary. 

G.  F.  B. 


ATOMIC  WEIGHT  DETERMINATIONS. 


ALUMINIUM. 

The  specific  heat  of  alnminiam,  as  determined  by  Regnault 
and  by  Kopp,  and  the  vapor  density  of  volatile  compounds, 
as  determined  by  Deville  and  Troost  and  by  Odling,  indicate 
that  the  atomic  weight  of  this  element  is  aoout  27.5.  ((?m^- 
Im-Krani,  Sdndbuch  der  Chemiey  i,  89;  and  L.  Meyer ^  Modeme 
Thecrien  der  Chemie^  50.) 

J.  J.  Berzblius  :  e7M7  (0  =  16). 

100  parts  of  anhydrous  aluminic  sulphate  decomposed  by 
heat,  gave  29.934  parts  of  oxide.  Preparation  not  describedf. 
Number  of  experiments,  probably  1.  In  Berzelius'  Lehrbuch 
these  data  are  calculated  for  S  =  200.75,  and  give  Al  == 
170.9  (O  =  100,)  or  27.SU  (0  =  16.)  [If  8  =  82,  the  data 
give  Al  =  27.267.]    {Poggend.  Ann.,  8, 1826,  187.*) 

T.  Thomson  :  50  (0  =  16).t 

.Thomsoa  found,  probably  from  analysis  of  the  sulphate, 
(see  appendix,)  that  125  Al  =  100  O.  Thomson  supposed 
aluminic  oxide  to  be  a  protoxide.  [If  it  is  a  sesqui-oxide, 
the  data  give  Al  at  80.]  ( Thomson^ 8  System  of  Chemistry^  7th 
ed.,  1, 1831,  454.) 

W.  W.  Mather  :  20.55  (O  =  16). 

According  to  this  chemist  0.646  grammes  of  chloride, 
prepared  according  to  Woehler,  gave  2.055  grammes  argen- 


*  This  article  bj  Berzelius,  which  contains  the  particulars  of  a  large  part 
of  his  earlier  atomic  weight  determinations,  will  be  referred  to  frequently 
in  the  course  of  this  paper.  It  is  unfortunately  full  of  misprints,  all  of 
which  are,  by  no  means,  corrected  in  the  table  of  errata  at  the  end  of  the 
Tolume.  The  correctly  printed  values  of  the  atomic  weights  discussed  in 
it  are  to  be  found  in  Poggend.  Ann,^  lo,  1827,  389. 

•I-  It  must  be  remarked,  in  justice  to  Dr.  Thomson,  that  his  atomic  weight 
4leteriiii nations  are,  properly  speaking,  of  a  different  nature  from  those  of 
other  cbexnists.  So  thoroughly  persuaded  was  he  of  the  truth  of  Front's 
hypothesis,  (that  the  atomic  weights  of  the  elements  are  all  exact  multiples 
oi  that  of  hydrogen,)  that  his  experiments  were  directed  merely  towards 
^flcerlAininS  loAicA  multiple,  in  any  case,  was  to  be  adopted. 
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tic  chloride,  and  0.2975  aluminic  oxide.  {SilUman's  Amer, 
Joum.y  27  1835, 188,  241.)  Berzelius  points  out  the  incon- 
sistency of  these  data.  (Berzelius'  JakresberichL  16.  1835. 
188.) 

C.  Tissibr:  27.12  (0  =  16). 

Determined  by  dissolving  aluminium  in  chlorhydric  acid, 
evaporating  to  dryness  with  excess  of  nitric  acid  and  de- 
composing the  nitrate  by  heat.  The  aluminium  employed 
contained  0.185  per  cent,  sodium.  1.935  of  this  metal  gave 
8.645  oxide,  [if  Na  =  23,  these  data  give  Al  =  27.12.] 
The  metal  was  prepared  by  heating  aluminic  fluoride  with 
purified  sodium  in  a  graphite  crucible.  {Paris  Compter 
Bend.,  46, 1858, 1105.) 

J.  Dumas  :  27.446  (0  =  16). 

Determined  by  six  experiments  on  the  titration  of  aluminie 
chloride  with  argentic  nitrate.  The  mean  result  was  Al  = 
18.723  (0=8) ;  extreme  difference  0.09.  The  aluminic  chlo- 
ride, which  had  been  prepared  on  a  large  scale,  was  purified 
by  sublimation  over  iron-filings  and  over  aluminium  filings^ 
and  by  a  third  sublimation  in  a  current  of  hydrogen  over 
aluminium  filings,  after  which  it  was  melted.  Experiments 
on  the  oxidation  of  aluminium  were  found  unsatisfactory  on 
account  of  the  difiiculty  of  obtaining  the  metal  pure.  They 
gave  Al  at  from  18.74  to  13.89.  Dumas  takes  Ag  =  108 ; 
CI  =  35.5.     {Ann.  de  Chim.  et  de  Phys.,  (3,)  55, 1859, 151.) 

W.  Oblinq  :  27.5  (0  =  16). 

Determined  from  the  vapor  density  of  aluminium  methide 
and  ethide  at  220°  and  upwards.  (Phil.  Mag.,  (4,)  29, 1865,. 
316.) 

— .  IsNARB :  27  (0  =  16). 

Pure  aluminium  dissolved  in  chlorhydric  acid,  evaporated 
and  heated  to  redness,  gives  V  of  its  weight  in  oxide.  {Paris 
Comptes  Bend.,  66,  1868,  508.) 

Pelouze  and  Fremy  ^ve  27.367  (0  =  16) ;  170.98  (O  = 
100,)  for  the  atomic  weight  of  aluminium,  and  assert  that 
this  value  is  derived  from  the  composition  of  potash-alum,, 
but  they  give  no  authority  for  the  value.  The  experiments 
were  made  by  precipitation  with  barium  chloride.  ( Traiti 
de  C/dmie,  8d  ed.,  1,  50.) 


ANTIMONY. 
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¥rom  the  specific  heat  of  antimony,  as  determined  by 
Bunsen,  Kegnault,  and  others,  and  from  the  vapor  density 
of  volatile  compounds,  as  determined  by  Mitscherlich,  Loe- 
wig  and  Schweizer  and  others,  it  is  certain  that  the  atomic 
weight  must  be  about  120.  {Gmelin-Krauty  L  c;  and  L. 
Jdeyer^  L  c.) 

J.  J.  Berzblius:  129,03  {O  =  16) ;  806.452  (0  =  100). 

100  parts  of  pure  antimony,  oxidized  with  nitric  acid, 
evaporated  to  dryness,  and  heated  to  redness,  gave  124.8 
antimonic  antimoniate.  The  number  of  experiments  and 
the  preparation  of  the  metal  are  not  given.  {Poggend.  Ann.j 
8,  1826,  23.) 

R.  Schneider  :  120.3  (0  =  16) ;   761.9  (0  =  100). 

Determined  by  experiments  on  the  reduction  of  native 
antimonic  ter-sulphide  in  a  current  of  hydrogen.  The  only 
foreign  substance  to  be  found  in  the  mineral  was  silicic  acia, 
which  was  determined  in  each  case.  The  temperature  was 
kept  as  low  as  possible,  and  the  amount  of  sulphide  vola- 
tilized, and  of  that  undecomposed  by  the  process,  was 
determined.  The  mean  composition,  as  ascertained  by  eight 
experiments,  was  71.48  antimony — extreme  difference,  0.078; 
and  28.62  per  cent,  sulphur.  The  atomic  weight  was  cal- 
culated from  the  mean  for  S  =  200.  {Poggend.  Ann.y  98 y 
1866,  293.)  Schneider  published  a  preliminary  note  in 
Poggend.  Ann.j  97 ^  1856,  488,  in  which,  from  a  portion  of 
the  above-mentioned  experiments,  he  deduced  the  value 
120.26. 

H.  Rose  and  Weber  :  120M6  (0  =  16). 

Rose  published  this  determination  expressly  as  a  confirma- 
tion of  Schneider's  value.  Antimony  ter-chloride  was  dis- 
solved in  water  containing  tartaric  acid,  and  decomposed 
by  hydrogen  sulphide.  Sulphur  was  removed  from  the 
filtrate  by  ferric  sulphate,  and  the  chlorine  determined  with 
argentic  nitrate.  2.162  antimony  chloride  were  found  equiv- 
alent to  4.097  argentic  chloride.  [If  Ag  =  107.93  and  CI 
=  36.457,  these  data  give  Sb  =  120.626 ;  or,  for  O  =  100, 
8b  =  753.92.]  Rose,  adopting  some  other  values  gets 
1508.67  [twice  764.34.]    He  also  recalculates  some  earlier 
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analyses  of  the  ter-chloride,  and  the  penta-chloride  {Poggend. 
Ann.j  Sj  1825,  443)  made  by  himself  by  the  same  method, 
which  give  respectively  1512.91  and  1508.6.  {Poggend.  Ann.^ 
98y  1866,  455.) 

W.  P.  Dexter  :  122.886  (0  =  16) ;  764.6  (0  =  100). 

Attempts  were  made  to  determine  the  atomic  weight  of 
antimony  from  its  reducing  action  on  the  chloride  of  gold, 
but  no  constant  result  was  obtained.  Berzelius'  method  {vide 
supra)  was,  therefore,  adopted.  From  the  mean  of  ten  irre- 
proachable experiments  Dexter  deduces  the  value  1529.2; 
extreme  difierence,  3.  The  metal  was  prepared  as  follows: 
From  antimony  tartrate,  sodium  metantimonate  was  pre- 
pared, and  antimonic  acid  separated  out  with  nitric  acid. 
The  antimonic  acid  was  reduced  with  carbon,  and  melted 
with  another  portion  of  antimonic  acid  to  remove  traces  of 
sodium,  etc.  It  was  also  heated  in  a  current  of  hydro^n 
to  remove  traces  of  oxide.  The  investigation  was  carried 
out  in  Bunsen's  laboratory,  and  with  his  assistance.  {Pog- 
gend. Ann.,  lOOy  1857,  568.) 

J.Dumas:  122  (0  =  16). 

Neither  the  reduction  of  cervantite  nor  of  the  sulphide, 
nor  the  oxidation  of  metallic  antimony  gave  accordant  re- 
sults. Dumas,  therefore,  resorted  to  the  analysis  of  the 
ter-chloride  with  argentic  nitrate.  The  chloride  was  pre- 
pared by  three  different  methods,  and  was  dissolved  in  water 
acidulated  with  tartaric  acid.  Seven  experiments  gave  an 
average  of  121.975 ;  extreme  difference,  0.69.  Ag  =  108 ; 
CI  =  85.5.     {Ann.  de  Chim.  et  de  Phys.,  (3,)  1859,  175.) 

F.  Kbsslbr:  122.24  (0  =  16). 

In  four  experiments  crystals  of  antimony  ter-oxide  were 
employed.  This  oxide  had  been  sublimed  in  a  current  of 
pure,  dry  carbonic  acid.  A  known  weight  of  the  compound 
was  nearly  oxidized  in  a  chlorhydric  acid  solution  by  a 
known,  slightly  insufficient,  weight  of  potassic  chlorate. 
The  remainder  was  titrated  with  a  standard  solution  of 
potassic  bi-chromate,  and  countertitrated  with  ferrous  chlo- 
ride. The  mean  result  was  Sb  =  122.16.  In  three  experi- 
ments metallic  antimony  was  employed.  It  was  prepared 
by  reducing  the  precipitate  formed  when  ammonic  hydrate 
is  added  to  stibium-ammonium  tartrate.  The  metal  was 
oxidized  in  chlorhydric  acid  solution  by  potassic  chlorate, 
(not  weighed,)  and  reduced  to  antimony  ter-chloride  by 
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stannous  chloride.  The  excess  of  this  reagent  was  chlori- 
dized  by  mercuric  chloride,  calomel  being  separated  by  fil- 
tration. The  experiment  was  continued  exactly  as  in  the 
cases  where  the  oxide  was  taken  to  start  with.  The  mean 
of  the  experiments  on  metallic  antimony  was  122.84.  The 
mean  of  the  seven  experiments  above  described  is  122.24; 
extreme  difference,  0.94.  K  =  89.12 ;  01  =  107.97.  Kessler 
also  made  experiments  by  Rose's  method,  but  got  discord- 
ant results.     {Poggend.  Anri.,  113^  1861, 145.) 

B.  Unger  :  119.76  (0  =  16). 

Determined  by  analysis  of  sodium  sulph-antimonate, 
(Schlippe's  Salt.)  {Kopp's  Jarresberichij  1871,  825;  Arch, 
der  PhamUy  (2,)  147^  193 ;  Jf-^,  1.)  A  single  determination 
by  a  method  from  which  great  accuracy  could  not  be  ex- 
pected. 8  =  82;  Na  =  23.  (J.  P.  Cooke,  Jr.,  in  Froc. 
Amer.  Acad.^  ISy  6.) 

J.  P.  CooKB  Jr. :  120  (0  =  16). 

Cooke  objects  to  the  determinations  of  Dexter  and  Dumas, 
on  the  ground  that  there  is  no  sufiicient  evidence  of  the 
absence  of  higher  or  lower  compounds  of  the  same  elements 
in  the  salts  employed. 

In  two  experiments  antimony  was  dissolved  and  precipi- 
tated as  sulphide,  which  was  heated  to  240^  before  weifi^h- 
ing.  The  formation  of  free  S  was  prevented,  occluaed 
tartaric  acid  was  determined,  but  occluded  oxy-chloride  was 
neglected.  The  experiments  gave  each  Sb  =  120.6  for  8 
=  32.  In  thirteen  experiments  Sb  was  dissolved  in  a  mini- 
mum of  nitric  acid,  and  the  solution  boiled  over  bullets  of 
Sb  to  compl&te  saturation.  The  sulphide  was  then  precipi- 
tated in  an  atmosphere  of  carbon  di-oxide.  The  precipitate 
contained  no  free  S.  The  oxy-chloride  was  driven  off  at 
180°  and  determined.  The  tartaric  acid  was  decomposed 
at  210°  and  determined.  The  errors  are  opposed  and  min- 
ute. The  mean  of  the  weighings  of  sulphide,  dried  at  180°, 
five  Sb  =  119.994  for  8  =  82;  extreme  difference,  1.01. 
he  mean  of  weighings  of  sulphide  heated  to  210°  gave  'Sb 
=  120.295;  extreme  difference,  1.07.  General  mean  Sb  = 
120.145.  Fifteen  analyses  of  antimonious  bromide  gave  the 
Br  contents  at  66.6666  per  cent,  for  Ag  =  108,  Br  =  80,  with 
an  extreme  difference  of  0.195.  This  composition  gives  Sb 
120.  In  seven  experiments  the  iodide  was  analyzed.  For 
1  =  127  and  Ag  =  108,  it  gave  a  mean  of  76.051  per 
cent  Sb,  or  Sb  =  120.    It  was  also  shown  that  tte  chloride 
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cannot  be  prepared  free  from  oxy-chloride,  and  that  its  8b 
and  CI  contents  correspond  to  Sb  =  120.  Metallic  Sb  was 
prepared  by  reduction  of  sodic  antimoniate,  or  of  oxide, 
with  potassic  cyanide,  or  by  Liebig's  method.  In  all  cases 
it  was  fused  for  several  hours  under  its  own  oxide.  The 
haloid  salts  were  purified  by  fractional  recrystallization  and 
distillation,  in  part  in  a  current  of  carbon  di-oxide.  {Proc. 
Am.  Acad.^  13, 1877, 1.) 


ARSENIC. 


The  specific  heat  of  metallic  arsenic,  as  determined  by 
Regnault,  and  the  vapor  density  of  a  number  of  volatile 
compounds,  as  determined  by  Dumas,  Mitscherlich,  Bunsen, 
apd  others,  prove  that  the  atomic  weight  of  this  element 
must  be  in  the  neighborhood  of  75.  {Gmelin-Krcuttj  L  c; 
and  L.  Meyer,  I.  e.) 

J.  J.  Bekzblius  :  75.1  (O  =  16) ;  469.4  (0  =  100). 

2.203  grammes  of  arsenious  acid,  heated  with  sulphur  in 
a  distilling  apparatus  in  such  a  manner  that  sulphurous 
acid,  but  no  sulphur,  could  escape,  set  free  1.069  grammes 
sulphurous  acid.  If  S  =  200.75,  the  value  follows.  {Pog- 
gend.  Ann.,  8, 1826,  22;  and  Lehrbuch,  5  ed.,  5, 1205.) 

J.  Dumas  :  75  (0  =  16). 

Dumas  found  the  vapor  density  of  arsine  2.695.  [This 
value  multiplied  by  28.94278  gives  As  =  (sensibly)  75.] 
{Ann.  de  Ghim.  et  de  Phys.,  S3, 1826,  837.) 

J.  Pelouzb:  76  (O  =  16);  468.75  (0  =  100). 

A  known  weight  of  arsenic  ter-chloride  was  introduced 
into  a  nitric  acid  solution  of  a  known  weight  of  perfectly 
pure  silver,  the  chloride  being  in  slight  excess.  The  excess 
of  chloride  was  then  titrated  with  decimal  silver  solution.* 
As  the  mean  of  three  experiments  Pelouze  found  As  = 
937.50;  extreme  diflference,  0.8.  Ag  =  1349.01;  CI  == 
443.2.  The  ter-chloride  was  repeatedly  distilled  to  free  it 
from  excess  of  chlorine.    It  was  colorless,  dissolved  com- 

*  This  method,  which  has  heen  frequently  employed  in  the  determination 
of  atomic  weights,  will  he  referred  to  as  '*  relouze's  method.'' 
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pletely  in  chlorine,  and  boiled  between  184°  and  186°. 
(Paris  Comptes  Bend.,  SO,  1845, 1047.) 

J.  Dumas  :  74.94  (0  =  16). 

Determined  by  four  experiments  on  the  titration  of  arsenic 
ter-chloride  with  argentic  nitrate,  the  ter-chloride  being 
prepared  in  several  lots.  The  number  is  the  mean  of  the 
experiments;  the  extreme  difference  being  0.15.  Dumas 
takes  Ag  =  108;  CI  =  35.5.  {Annal.  de  Chimie  et  de  Physique^ 
(3,)  55,  1859,  174.) 

F.  Kessler  :  75.2  (O  =  16). 

In  six  experiments  arsenious  acid  was  titrated  with  potas- 
sic  bichromate  and  counter-titrated  with  ferrous  chloride. 
The  number  so  obtained  was  75.15.  In  twelve  experiments 
a  known  weight  of  arsenious  acid  was  oxidized  in  caustic 
potash  solution  by  potassic  chlorate,  the  arsenious  acid  be- 
ing slightly  in  excess,  acidified  with  chlorhydric  acid  and 
the  excess  of  arsenious  acid  titrated  with  potassic  bichro- 
mate and  counter-titrated  with  ferrous  chloride.  The  oxi- 
dizing action  of  the  potassic  bichromate  was  experimentally 
determined.  The  number  obtained  from  these  experiments 
was  75.24.  Five  experiments  were  made  with  acid  instead 
of  alkaline  solutions  of  arsenious  acid;  tbey  gave  75.15. 
The  arsenious  acid  was  colorless,  transparent,  volatilized 
without  any  residue,  and  was  thoroughly  dessicated.  Kess- 
ler assumed  K  =  89.12;  01  =  107.97.  {Poggend.  Armaly 
96, 1856,  210 ;  US,  1861, 140.) 


BARIUM. 


The  specific  heat  of  barium  compounds,  especially  of  the 
chloride,  as  determined  by  Regnault  and  by  Kopp,  shows 
that  the  atomic  weight  of  this  element  lies  in  the  neighbor- 
hood of  137.     {Gmelinr Kraut,  L  c) 

WoLLASTON  and  Klaproth.    1S9.2  (0  =  16);    870 
(O  =  100). 

Klaproth  found  that  100  parts  of  carbon  di-oxide  were 
equivalent  to  352.57  parts  barium  oxide,  and  that  84  parts 
sulphuric  anhydride  were  equivalent  to  66  parts  of  barium 
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oxide.    If  C  =  75.4,  and  S  =  200,  the  value  follows.    {PhiL 
Trans.,  104, 1814,  20.) 

J.  J.  Bbrzblius  :  136.79  (O  =  16)- 

100  parts  of  barium  chloride  gave  138.08  and  138.06  parts 
argentic  chloride.  [If  Ag  =  107.98,  and  CI  =  85.457,  the 
above  value  follows.]  Berzclius  also  determined  barium 
from  the  sulphate ;  100  parts  barium  chloride  gave  112.17 
and  112.18  parts  sulphate.  Calculated  for  8  =  200.75  this 
determination  is  almost  identical  with  the  other ;  Berzelius^ 
however,  expressly  adopts  the  former.  [Calculated  for  S  = 
82.0742,  it  gives  185.74.]  {Poagend.  AnnaL,  8,  1826,  189, 
and  Lekrbuch  der  Chemiej  5th  edf.,  3, 1229.) 

E.  Tgbner:  187.4  (0  =  16). 

Turner  determined  the  chlorine  contents  of  barium  chlo- 
ride at  84.016  per  cent,  by  precipitation  with  silver.  This 
number  was  the  mean  of  the  best  two  experiments  made, 
and  the  value  follows  from  it  on  the  assumption  that  CI  = 
85.42.  The  barium  chloride  was  prepared  from  native  car- 
bonate by  solution  in  chlorhydric  acid,  precipitation  of 
impurities  with  barium  oxide,  ignition  of  the  chloride,  treat- 
ment with  alcohol,  and  recrystallization.  (PhU.  Trans.,  119y 
1829,  291.*) 

T.  Thomson  :  136  (0  =  16) ;  850  (0  =  100). 

Thomson  had  formerly  determined  this  atomic  weight  at 
875  by  mixing  potassic  sulphate  with  barium  chloride  in 
such  proportions  that  the  supernatant  liquid  contained  no 
sensible  amount  of  either  sulpnuric  acid  or  barium.  Turner 
having  shown  the  fallacy  of  this  method,  Thomson  substi- 
tuted ammonium  sulphate,  and  also  sulphuric  acid  for  the 
potassium  salt,  and  found  9.5006  barium  oxide  equivalent  to 
5.00  sulphuric  anhydride.  He  also  analyzed  the  chloride 
with  argentic  nitrate,  assuming  silver  =  1875,  and  chlorine 
=  450,  and  reached  the  same  conclusion  with  reference  to 
barium.  {ThomsovCs  System  of  Chemistry,  7th  ed.,  1, 1881, 
426.) 

*  Turner  made  the  discovery  in  the  course  of  this  investigation  that 
barium  sulphate  carries  down  other  salts,  such  as  potassic  sulphatCj  which 
cannot  be  extracted  from  the  precipitate  by  any  degree  of  washing,  and  thai 
determinations,  with  barium  sulphate,  are  consequently  unreliable.  Al- 
though Berzelius  drew  attention  to  the  importance  of  tho  observation,  and 
Thomson  was  obliged  to  acknowledge  errors  in  his  work  from  this  cause, 
the  fact  was  for  a  long  time  nearly  forgotten,  as  can  readily  be  proved  from 
the  contents  of  this  digest. 
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— .  Salvbtat  :  186  (O  =  16) ;  850  (O  =  100). 

Determined  from  the  loss  of  weight  ensuing  on  the  de- 
composition of  barium  carbonate  by  sulphuric  acid.  Details 
not  given.    {Paris  Cbmptes  Bendus,  17j  1848,  818.) 

J.  Pblotob  :  lS7.e8  (O  =  16) ;  858.01  (O  =  100). 

Into  a  nitric  acid  solution  of  a  known  weight  of  perfectly 
pare  silver,  a  known  and  slightly  more  than  equivalent 
weight  of  barium  chloride  was  introduced.  The  excess 
was  titrated  with  decimal  silver  solution.  The  value  is  the 
mean  result  of  three  experiments,  which  give  an  extreme 
difference  of  0.22  for  O  =  100.  The  barium  chloride  was 
purified  by  recrystallizations  continued  till  determinations 
gave  a  constant  result,  and  was  dessicated  in  part  at  200^ , 
and  in  part  at  a  temperature  just  below  redness.  Pelouze 
took  Ag  =  1349.01,  and  CI  =  443.2.  {Paris  Comptes  Pendus^ 
SO,  1845, 1047.) 

C.  Marignac:  187.08  (0  =  16);  856.77  (0  =  100). 

Determined  by  six  experiments  on  the  equivalence  of  sil- 
ver and  barium  chloride  performed  by  Pelouze's  method, 
(vide  supra.)  100  silver  were  found  equivalent  to  96.365 
bariam  chloride ;  extreme  difference,  0.038 ;  hence  the  value 
taken.  Marignac  takes  Ag  =  1349.01,  and  CI  =  443.2.  The 
barium  chloride  was  purified  as  follows :  Commercial  chlo- 
ride was  crystallized  from  boiling  aqueous  solution;  the 
crystals  were  heated  to  redness,  dissolved  in  boiling  water, 
treated  with  carbon  di-oxide,  filtered  and  crystallized,  and 
these  crystals  were  washed  with  alcohol  and  again  recrystal- 
lized.  Determinations  were  made  at  each  stage  and  the 
purification  was  continued  until  constant  results  were  ob- 
tained. (Liebigj  AnnaLy  68, 1848,  214 ;  Bibl.  Univ.,  Arch,  des 
Sciences,  8,  265.) 

H.  Struvb  :  136.26  (0  =  16). 

100  parts  of  barium  chloride  gave  112.0938  parts  of  sul- 
phate as  a  mean  of  two  experiments ;  extreme  difference, 
0.005.  8  =  32;  01  =  35.4624.  (Liebig,  Annal.,  80,  1851, 
204;  Oefversigt  af  Kongl.  vet.  Acaa.  Foehr.,  6, 165.) 

T.  Andrews  :  187.578  (0  =  16). 

Andrews  obtained  this  number  from  two  nearly  coinci- 
dent experiments  of  which  he  gives  no  details.  (Brit.  Assoc. 
Sep.,  1852,  pt.  2,  33.)    . 
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C.  Marignac-:  187.16  (0  =  16). 

Three  experiments  were  made  on  the  titration  of  air-dried 
barium  chloride  in  crystals  by  Pelooze's  method,  {mde  supra.) 
Five  grammes  of  the  salt  required  for  precipitation  (1) 
4.4205 ;  (2)  4.4195 ;  (8)  4.4210  grammes  silver.  Three  ex- 
periments were  made  on  the  conversion  of  the  same  barium 
chloride  into  sulphate.  Ten  grammes  of  the  salt  gave  (1) 
9.548;  (2)  9.544;  (3)  9.542  grammes  sulphate.  In  each  of 
the  latter  experiments  the  water  was  determined,  and  was 
found  to  vary  no  more  than  0.0005  grammes.  Comparison 
of  the  two  series  gives  for  Ag  =  108,  S  =  16,  and  O  = 
8;  barium  equal  to  (1)  68.57;  r2)  68.61;  (8)  68.55;  in  mean 
68.58,  or  one-half  of  137.16.  This  result  is  independent  of 
the  possible  trace  of  water  the  chloride  might  have  con- 
tained. In  another  series  of  three  experiments  the  water 
was  driven  off  at  a  low  red  heat  and  determined,  and  the 
salt  analyzed  by  Pelouze's  method.  It  was  proved  that 
barium  chloride  is  not  decomposed  at  the  temperature  em- 
ployed. (1)  gave  68.61 ;  (2)  58.59;  and  (8)  68.55,  or  a  mean 
of  68.588.  The  salt  for  the  experiments  marked  (1)  was 
prepared  by  recrystallization  and  precipitation  with  alcohol ; 
that  for  (2)  by  a  repetition  of  the  same  process,  and  for 
(8)  by  resolution  of  (2)  and  precipitation  vith  chlorhydric 
acid  ^as.  Marignac  proved  tnat  the  precipitated  argentic 
chloride  contained  entirely  insignificant  traces  of  barium 
salt.  CI  ==  85.5.  {Bibl.  Univ.j  Archives  des  Sciences^  Nouv. 
Sine.,  i,.1858,  209.) 

J.  Dumas  :  187  (O  =  16). 

Determined  by  fifteen  experiments  on  the  titration  of 
barium  chloride  with  argentic  nitrate,  which  give  a  general 
average  of  68.516  with  an  extreme  difference  of  0.11.  The 
barium  chloride  was  prepared  from  pure  nitrate  and  pure 
carbonate,  and  from  commercially  pure  chloride  after  it  had 
'  been  freed  from  lead  by  precipitation  with  barium  sulphide. 
The  chloride  was  precipitated  from  solution  by  chlorhydric 
acid  gas  and  melted  in  a  current  of  chlorine  to  prevent  oxi- 
dation. Ag  =  108 ;  CI  =  85.5.  (Armales  de  Chimie  et  de 
Physique,  (8,)  S6, 1859, 137.) 


BERYLLIUM. 


The  atomic  heat  of  beryllium  has  been  determined  by  J. 
Emerson-Reynolds  by  direct  comparison  with  that  of  silver. 
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In  a  calorimetric  apparatus  constructed  for  the  purpose,  the 
amount  of  heat  given  off  during  cooling  by  108  parts  of 
silver  heated  to  100^  was  found  to  be  equal  to  that  commu- 
nicated by  a  little  more  than  9.2  parts  of  beryllium  under 
the  same  conditions.  Assuming  the  atomic  weight  of 
the  metal  to  be  9.2,  the  atomic  heat  found  would  be  5.91. 
The  smallness  of  this  number  the  abserver  accounts  for  by 
supposing  that  there  was  a  trace  of  platinum  present  intro- 
duced by  the  use  of  platinum  vessels  in  the  course  of  re- 
duction.   {Phil.  Mag.  J  (6,)  5, 1877,  88.) 

J.  J.  Berzblius  :  14^.6  (O  =  16). 

Berzelius  analysed  the  salt  formed  by  saturating  dilute 
sulphuric  acid  with  beryllium  oxide.  From  the  amount  of 
barium  sulphate  obtained  he  inferred  that  the  atomic 
weight  of  beryllium  was  381.261  on  the  supposition  that 
the  oxide  was  jBe,  +  08  and  that  the  salt  was  neutral.  Ber- 
zelius took  0  =  100 ;  8  =  200.75,  and  Ba  =  855.29.  [Awde- 
jew  having  discovered  that  this  salt,  is  basic,  this  value  is 
reduced  to  90.63;  or,  for  0  =  16,  to  14.5.]  Berzelius 
accepted  Awdejew's  determination  in  preference  to  his  own. 
{Poggend.  AnnaL^Sj  1826, 187 ;  and  Lehrbuch  der  Chemie^  5th 
ed.,  5, 1225.) 

T.  Thomson  :  86  (O  =  16). 

Experiments  not  given.  The  value  is  four  times  nine, 
and  may  have  arisen  from  a  mistake  as  to  saturation. 
{System  of  Chem.  7  ed.,  1, 1831,  459.) 

— .  AwDEJBW^:  1S.86  (O  =  16) ;  86.68  (0  =  100). 

Beryllium  sulphate,  in  chlorhydric  acid  solution,  was  de- 
composed with  barium  chloride.  In  the  filtrate  the  excess 
of  barium  chloride  was  precipitated  with  sulphuric  acid, 
and  the  beryllium  oxide  thrown  down  with  ammonia,  dried, 
heated,  and  weighed.  The  beryllium  sulphate  was  prepared 
from  pure  carbonate  by  treatment  with  sulphuric  acid  and 
precipitatioq  with  alcohol.  It  was  purified  by  recrystalli- 
zation.  Four  experiments  were  maae,  the  mean  of  which 
calculated  for  8  =  201.165,  gave  Be  =  68.084  with  an  ex- 
treme difference  of  1.955.  {Poggend.  Annal.^  66^  1842,  106.) 
Weeren  recalculated  these  analyses  for  8  =  200  and  got 
57.72,  [or  §  of  86.58.]    {Poggend.  AnnaL,  9^,  1824, 124.) 
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J.  Weeren  :  13.8S  (O  =  16) ;  86.46  (O  =  100). 

Weeren  followed  the  same  method  as  Awdejew,  except 
that  he  precipitated  the  beryllium  with  aramoDium  sulphide, 
the  oxide  bein^  soluble  in  excess  of  ammonia.  The  mean 
of  four  experiments  gave  57.64,  the  extreme  difference 
being  1.52  for  O  =  100,  [67.64  is  )  of  86.46.]  Weeren 
took  8  =  200.     {Poggena.  AnnaL,  92, 1854, 124.) 

G.  Klatzo  :  13.89  (0  =  16). 

Elatzo  made  five  analyses  of  the  sulphates  containing 
seven  and  four  molecules  of  water,  precipitating  the  sul- 

Ehuric  acid  as  barium  sulphate,  and  tne  beryllium  as  oxide 
y  means  of  ammonia.  From  a  comparison  of  the  sum  of 
the.  oxide  found  in  all  the  analyses  with  the  total  amount  of 
bariumsulphate  found,  Klatzo  deduces  Be  =  9.227,  for  Ba  = 
187,  and  S  =  32.  [If  Ba  is  taken  equal  to  187.16,  and  S  = 
82.07,  and  if  each  of  the  analyses  is  calculated  for  itself.  Be 
=  18.89.  The  extreme  difference  is  0.45.]  The  sulphates 
were  purified  by  recrystallization,  and  treatment  with  alco- 
hol. {Erdmann's  Journ.  fur  Prak.  Chemie,  106,  1868,  227; 
Klatzo,  Ueber  die  Constitution  der  BeryUerde,  Dorpat,  1868.) 

L.  F.  Nilson  and  0.  Pettersson  have  redetermined  the 
specific  heat  of  beryllium  within  a  few  weeks.  They  find 
tne  specific  heat  0.4079,  corresponding  to  a  trivalent  metal 
and  a  sesqui-oxide.  The  investigation  seems  to  have  been 
made  with  ^reat  care,  while  that  of  Emerson-Reynolds  was 
merely  preliminary.  {Berlin,  Bericht  der  chem.  Qea.,  11, 1878, 
886.) 


BISMUTH. 


Dulong  and  Petit,  Kegnault,  and  Kopp,  have  determined 
the  specific  heat  of  Bismuth.  It  corresponds  to  an  atomic 
weight  of  about  210.     ( Gmelin-Kraut,  I.  c.) 

P.   Laqerhjelm  :  212.86  (O  =  16) ;  1830.377  (O  = 
100). 

Metallic  Bismuth  was  oxidized  in  a  weighed  vessel  by 
nitric  acid,  and  the  nitric  acid  expelled  by  heat.  10  grammes 
of  bismuth  gave  11.1275  oxide.  {BerzeUus^  Lehrbuch  der 
Chemie,  5th  ed.,  3, 1216;  Stockholm,  Akad.  HandL,  34, 1818^ 
219.) 
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R  Schnbideb:  SOS  (O  =  16);  1299.98  (O  =  100). 

Determined  by  eight  experiments  on  the  conversion  of 
metallic  bismuth  into  oxide  by  solution  in  nitric  acid  and 
decomposition  of  the  nitrate  in  the  same  vessel.  The  es- 
caping gases  were  led  through  nitric  acid,  and  the  bismuth 
catightin  this  way  was  separately  converted  into  oxide  and 
weighed.  In  four  experiments  the  bismuth  was  prepared 
by  the  reduction  of  basic  nitrate,  and  for  the  other  four  by 
the  reduction  in  hydrogen  of  the  oxide  formed  in  those 
which  preceded.  100  bismuth  oxide  were  found  to  contain 
a  mean  of  89.655  metal ;  extreme  difierence,  0.048.  [Pog- 
gad,  Annal,  8S,  1851,  803.) 

J.  Dumas:  210.44  (O  =  16). 

Determined  by  seven  experiments  on  bismuth  chloride, 
which  was  decomposed  in  solution  by  sodium  carbonate, 
and  the  sodium  chloride  thus  formed  titrated  with  silver 
solution.  The  value  taken  is  the  mean  result.  The  extreme 
difference  is  1.12.  Dumas  takes  Ae  =  108,  and  CI  =  85.5. 
The  bismuth  chloride  was  prepared  by  the  action  of  chlo- 
rine on  bismuth,  and  was  purified  by  fractional  distillation 
over  bismuth.  That  employed  in  the  experiments  was 
colorless.  {AnnaL  de  Chimie  et  de  Physique^  (3,)  55,  1859, 
176.) 


BORON. 


The  specific  gravities  of  a  number  of  volatile  compounds 
of  boron  have  been  determined  by  Dumas,  Woehler  and 
Deville,  and  others,  and  correspond  to  an  atomic  weight  of 
about  11.    {GmelinrKrauty  l.  c;  L.  Meyer ^  L  c.) 

H.  F.  Weoer  has  discovered  that  the  specific  heat  of  boron 
rises  rapidly  with  the  temperature,  becoming  neariy  constant 
at  600°.  Above  this  temperature  its  specific  heat  is  0.5,  and 
its  atomic  heat  5.5.     {Poggend,  Annal.^  164.,  1875,  575.) 

J.  J.  Bbbzelius  :  11.01  (0  =  16). 

Davy's  investigations  having  shown  that  boracic  acid  con- 
tains about  68  per  cent,  oxygen,  and  having  thus  established 
the  formula  of  borax,  Berzelius  determined  'the  atomic 
weight  from  the  water  contents  of  that  salt.  He  found  in 
three  experiments,  without  variation,  47.1  per  cent.  Gme- 
lin-Kraut  recalculates  this  composition  with  Stas'  atomic 


20  ATOMIC  WEIGHT  DETERMINATIONS. 

weights,  and  gets  the  value  given.    IPoggeni.  Annal.j  8j  1826^ 
19.) 

A.  Laurent:  10.86  (0  =  16). 

Laarent  found  that  borax  retains  some  water  even  when 
melted,  which,  however,  can  be  expelled  by  the  addition  of 
iceland  spar.  By  repeating  Berzelius'  experiments,  and 
adding  a  known  weight  of  spar,  he  found  the  water  con- 
tents in  two  experiments  47.15  and  47.20.  He  did  not 
regard  the  experiments  as  accurate.  Gmelin-Kraut  recalcu- 
lates these  data  with  Stas'  atomic  weights,  and  gets  B  = 
10.91  and  10.81.    {Paris  Oomptes  BenduSj  IB9, 1849,  5.) 

WoEHLBR  and  Dbvillb  :  10.87  (O  =  16). 

These  chemists  titrated  the  bromide  and  the  chloride  of 
boron  with  argentic  nitrate.  They  do  not  offer  the  analy- 
ses as  atomic  weight  determinations,  but  Dumas  applies  the 
data  to  this  object.  Taking  Ag  =  108,  and  CI  =  85.5,  Dumas 
calculates  from  the  analysis  of  the  chloride  prepared  by  the 
action  of  H  CI  on  B,  J3  =  11 ;  from  the  analysis  of  the 
chloride  prepared  bv  the  action  of  CI  on  B,  B  =  10.6 ;  from 
the  analysis  of  the  bromide  prepared  by  the  action  of  bro- 
mine on  boron,  B  =  11.  {Annal.  de  Chimie  ei  de  Physique^ 
(8,)  62, 1858,  88 ;  65, 1859, 129.) 

T.  Thomson  :  10.67  (O  =  16). 

Thomson  supposed  boracic  acid  to  be  composed  of  one 
atom  of  boron  and  two  of  oxygen,  and  concluded  from 
Davy's  and  his  own  experiments  that  the  atom  of  B  was 
exactly  equal  to  that  of  0.  For  the  correct  composition  of 
the  acid  his  value '  must  be  reduced  one-third.  {System  of 
Chem.,  7th  ed.,  1, 1881,  214.) 


BROMINE. 


Mitscherlich  determined  the  vapor  density  of  bromine, 
and  Regnault  the  specific  heat  in  a  solid  condition  at  very 
low  temperatures.  Both  of  these  constants  correspond  to 
an  atomic  weight  of  80.    {Omelin-Kraut,  I.  c;  L.  Meyer ,  L  c.) 

A.  J.  Balard  :  76  {0  =  16) ;  468.85  (O  =  100). 
1.27  potassium  bromide  decomposed  with  sulphuric  acid 
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gave  a  residne  of  0.978  potassic  sulphate.  [If  this  analysis 
is  calculated  with  Stas'  atomic  weights,  it  gives  Br  =  74.65.1 
In  another  experiment  100  parts  of  argentic  bromide  reduced 
with  zinc,  the  excess  of  which  was  extracted  with  sulphuric 
add,  gave  58.9  parts  silver.  [Calculated  with  Stas'  data 
this  gives  Br  =:  75.3.]  Balard  mentions  no  special  precau- 
tions in  the  preparation  of  his  salts  for  this  determination. 
[AnnoL  de  Cbimie  et  de  Physique^  SS^  1826,  857,  862.) 

J.  Liebig:  75.^9  (0  =  16);  470.55  (0  =  100). 

2.521  potassic  bromide  precipitated  with  argentic  nitrate 
gave  4.(M1  areentic  bromide.  The  potassic  bromide  was 
obtained  by  adding  potassic  hydrate  to  an  alcoholic  solution 
of  bromine  until  the  solution  began  to  lose  color.  {Annal. 
de  Chxmie  et  de  Physique,  S3, 1826,  881.) 

J.  J.  Bbrzblius  :  78MJi,  (0  =  16) ;  489.15  (0  =  100). 

Berzelius  suspected  that  insufficient  precautions  had  been 
taken  in  the  preceding  determinations  to  get  rid  of  chlorine. 
He  washed  bromine  for  a  lon^  time,  and  converted  it  into 
zinc  bromide  and  ammonium  bromide.  These  salts  he  par* 
tially  precipitated  with  argentic  nitrate  to  get  rid  of  chlorine. 
From  the  filtrate  he  precipitated  argentic  bromide  which  he 
washed,  dried,  and  melted.  7.202  of  this  bromide,  decom- 
posed in  a  current  of  chlorine,  yielded  5.546  argentic  chlo* 
ride;  7.8805  bromide  gave  6.069  chloride.  If  Ag  =  1851.607, 
and  CI  =  442.652,  the  mean  value  of  Br  is  as  above ;  differ* 
ence,  0.09.  {Poggend.  Annal.,  IJ^,  1828,  565;  KongL  vet. 
Akad.  Handl.,  1828.) 

C.  LoBWiG :  75.76  (O  =  16). 

According  to  Gmelin-Eraut,  Handbueh  der  Chemie,  the 
determination  was  published  in  a  treatise  entitled  Brom  und 
Seme  Chemische  VerhaUnissey  Heidelberg,  1829. 

C.  Marignac  :  79.957  (O  =  16). 

In  three  experiments  a  known  weight  of  silver  was  dis- 
solved in  nitric  acid,  precipitated  with  potassium  bromide, 
and  the  argentum  bromide  dried  at  200^  and  weighed.  [For 
Ag  *=  107.93  these  experiments  give  Br  =  79.988,  with  an 
extreme  difference  of  0.018.]  In  vacuo  this  result  is,  accord- 
ing to  Stas,  79.968.  In  seven  experiments  a  known  weight 
of  silver  was  precipitated  by  a  determinate  amount  of  potas- 
sic bromide  by  titration.     [If  K  =  89.187,  and  Ag  =  107.98, 
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this  gives  bromine  =  79.924  with  an  extreme  difference  of 
0.046.]  In  vacuo  this  becomes,  according  to  Stas,  79.945. 
In  four  experiments  potassium  bromate  was  decomposed  by 
heat,  and  the  potassic  bromide  weighed.  [For  K  =  89.187 
these  experiments  give  bromine  at  80.11  with  an  extreme 
■difference  of  0.56.  These  latter  are  evidently  much  less 
accurate  than  the  preceding,  and  I  have  therefore  averaged 
the  first  and  second  series  in  vacuo^l  The  EBr  was  prepared 
hj  heating  bromate  purified  by  recrystallization.  {nerzelitis* 
Jbehrbuch  der  Chemie,  6th  ed.,  3,  1194;  BibL  Univ.,  46, 1848, 
357.) 

W.  Wallace  :  79.74  (0  =  16). 

Determined  by  analysis  of  arsenic  ter-bromide,  by  titra- 
tion with  argentic  nitrate,  according  to  the  method  of 
Pelouze,  (see  arsenic,  Pelouze's  determination.)  Three  ex- 
periments were  made,  giving  a  mean  of  79.788;  extreme 
difference,  0.051.  As  =  75;  Ag  =  107.97.  The  arsenic 
and  bromine  were  directly  combined,  and  the  compound 
was  purified  by  fractional  distillation  and  recrystallization. 
{PhU.  Mag,,  (4,)  18,  1859,  279.) 

J.  Dumas  :  80  (O  =  16). 

Determined  by  three  experiments  on  the  conversion  of 
argentum  bromide  into  chloride  in  a  current  of  dry  chlorine. 
The  mean  is  80.08;  the  extreme  difference  is  0.18.  Silver 
is  taken  at  108,  and  chlorine  at  85.5.  The  argentum  bro- 
mide was  prepared  with  bromine  free  from  iodme,  and  was 
purified  from  chlorine  bv  digestion  with  argentum  bromide. 
{Annal.  de  Chemie  et  de  Physique,  (8,)  65, 1859,  162.)    . 

J.  S.  Stas  :  79.952  (0  =  16). 

Four  complete  syntheses  (the  weight  of  each  of  the  con- 
stituents, and  of  the  compound  being  determined)  were 
made  of  argentum  bromide,  a  known  weight  of  silver  being 
converted  into  sulphate,  and  precipitated  with  a  known 
weight  of  bromine  which  had  been  converted  into  hydro- 
bromic  acid.  The  mean  result  was  that  100  Ag  =  74.0805 
Br;  with  an  extreme  difterence  of  0.004.  Two  analyses  of 
argentic  bromate,  made  by  reducing  the  salt  in  suspension 
with  sulphurous  acid,  gave  for  the  molecular  weight  of  the 
bromide  187.84,  and  187.90,  mean  187.87.  A  comparison 
of  these  data^gives  Br  =  79.940.  [This,  I  think,  must  be  a 
misprint  for  79.949.]  Fourteen  experiments  were  made  on 
the  equivalence  of  £Br  and  Ag  by  Pelouze's  method,  (see 
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As,  Pelooze's  determination.)  The  mean  result  was  that 
100  Ag  =  110.845  KBr;  extreme  diflfereiice,  0.029.  This 
gives  Br  =  79.958  for  Ag  =  107.93,  and  K  =  39.137.  The 
bromate  of  silver  was  prepared  from  potassic  bromate  and 
silver  salts.  For  the  preparation  of  Ag  see  Stas'  determi* 
nation  of  it.  The  potassic  bromate  was  prepared  by  the 
action  of  chlorine  on  a  mixture  of  KBr  and  KHO.  The 
bromide  was  prepared  by  the  action  of  heat  on  bromate,  by 
treating  bromine  with  KHO,  and  in  other  ways.  No  reagents 
were  probably  ever  prepared  with  such  care  as  those  em- 
ployea  in  this  and  the  accompanying  determinations.  The 
weights  are  all  in  vacuo.  (Sias^  Untersuch.  ilber  Ghent.  Pro- 
porty  Leipziffy  1867.) 


CADMIUM. 


Regnaalt,  EIopp,  and  Bunsen  have  determined  the  specific 
heat  of  cadmium,  which  corresponds  to  an  atomic  weight 
of  112.  Deville  and  Troost  determined  the  density  of  cad- 
mium vapor  at  above  1000^.  It  answers  to  an  atomic  weight 
of  114.    ( Gmelin-Krauty  L  c;  L.  Meyer ,  I.  c.) 

F.  Stbomeybb  :  111.48  (0  =  16);  696,767  (O  =  100), 

Stromeyer  found  that  100  parts  of  cadmium  combine  with 
14.852  parts  of  oxygen  to  form  the  oxide.  {Berzelitis*  Lehr- 
buehder  Chemiej  6th  ed., 5, 121 9 ;  Schweigger^s  Joum.^  IBSy  1818, 
362.) 

T.  Thomson  :  lliB  (0  =  16);  700  (0  =  100). 

Thomson  says  that  he  has  shown  this  to  be  the  true  value 
by  analysis  of  the  sulphate  in  two  different  states.  (Si/stem 
of  Chm.,  7th  ed.,  1, 1881,  555.) 

K.  VON  Haubr  :  112  (0  =  16) ;  700  (0  =  100). 

Determined  by  nine  experiments  on  the  reduction  of  cad- 
mium sulphate  to  sulphide  in  a  current  of  hydrogen  sulphide 
under  pressure.  The  mean  of  the  experiments  gave  Cd  = 
55.999;  extreme  difference,  0,16.  Von  Hauer  took  S  =  16. 
The'Balphate  was  purified  by  repeated  recrystallizations  and 
ty  conversion  into  oxide.  It  was  dried  at  200°.  The  sul- 
pnide  was  in  each  case  carefully  examined  for  undecomposed 
«Qlphate.    {ErdmanrCs  Journ.fiir  Prak.  Chem.,  72, 1857, 346.) 
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J.  Dumas  :  112.24  (O  =  16). 

Determined  by  six  experiments  on  the  titration  of  cadmium 
chloride  with  argentic  nitrate.  The  mean  of  all  the  experi- 
ments was  Cd  =  56.12 ;  extreme  difference,  0.49.  The  third 
experiment  varies  considerably  from  the  rest,  and  Dumas 
seems  inclined  to  omit  it  in  the  ayerage.  If  it  is  left  out, 
the  mean  becomes  56.06 ;  extreme  difference,  0.29.  Dumas 
takes  CI  =  85.5 ;  Ag  =  108.  The  cadmium  chloride  was 
prepared  in  two  lots  by  solution  of  cadmium  in  chlorhydric 
acid,  evaporation  and  melting  for  several  hours  in  a  current 
of  chlorhydric  acid  gas.  {AnnaL  de  Chimie  et  de  PhysiquBy 
(8,)  66, 1859, 158.) 

E.  Lenssen  :  112.06  (0  =  16). 

Three  experiments  were  made  on  the  decomposition  of 
cadmium  oxalate,  the  salt  and  the  resulting  oxide  being 
weighed.  The  mean  result  was  Cd  =  56.08 ;  extreme  dif- 
ference, 0.19.  C  =  6.  The  oxalate  was  prepared  from  pure 
chloride  by  precipitation  with  oxalic  acid,  washing  and  dry- 
ing at  150°.  It  was  carefully  tested,  and  was  found  to  be 
anhydrous.  {Erdmann^s  Joum.  fur  Prak.  Chemie,  79, 1860^ 
281. 


CJE8IUM. 


The  great  similarity  between  ceesium  and  the  other  alka- 
line metals  renders  the  deduction  of  its  atomic  weight  from 
its  equivalent  sufficiently  certain. 

EiRCHHOFF  and  Bunsen  :  128.85  (0  =  16). 

Determined  by  three  experiments  on  the  analysis  of  the 
chloride  with  argentic  nitrate.  The  value  is  the  mean; 
extreme  difference,  0.13.  The  csesium  was  separated  from 
the  other  alkalies  by  extracting  a  mixture  of  oxides  and  car- 
bonates with  alcohol.  It  was  converted  into  chloride  by 
precipitation  with  platinum  chloride,  reduction  of  the  dou- 
ble cnloride  in  hydrogen  and  solution.  These  operations- 
were  repeated  until  the  caesium  salt  gave  sensibly  the  same 
results  after  successive  purifications.  Its  purity  was  also 
tested  spectroscopically.  Silver  was  taken  at  107.94,  and 
chlorine  at  85.46.    {Poggend.  AnnaL,  US,  1861,  868.) 
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Johnson  and  Allbn  :  188  (0  =  16).  . 

Determined  by  four  experimeDts  on  the  precipitation  of 
cffisiam  chloride  with  argentic  nitrate.  The  mean  result 
was  Cs  =  138.036 ;  the  extreme  difterence,  0.842.  Ag  = 
107.94;  CI  =  36.46.  Ceesium  and  rubidium  were  separated 
h^  partial  crystallization  of  their  bitartrates.  The  csBsium 
bitartrate  was  converted  into  chloride  by  precipitation  with 
platinum  chloride,  reduction  and  solution.  The  nitrate 
formed  on  the  precipitation  of  the  caesium  chloride  with 
ffllver  was  reconverted  into  caesium  chloride  and  redeter- 
mined, and  so  on.  The  purity  of  the  salt  was  tested  spec- 
troscopically.    {SUliman^s  Amer.  Joum.j  (2,)  55, 1863,  96.) 

E.  W.  Bunskn:  183  (0  =  16). 

Determined  by  three  experiments  on  the  precipitation  of 
caesium  chloride  with  argentic  nitrate.  The  mean  result 
was  182.99;  extreme  difference,  0.02.  Ag  =  107.94;  CI 
=  85.46.  In  order  to  prepare  pure  chloride,  a  mixture  of 
caesium  and  rubidium  salts  was  converted  into  carbonates, 
a  little  more  tartaric  acid  was  added  than  was  necessary  to 
form  acid  tartrate  with  the  rubidium  and  neutral  tartrate 
with  the  caesium,  and  the  mixture  was  exposed  on  a  filter 
to  the  action  of  a  saturated  atmosphere  of  aqueous  vapor. 
The  caesium  salt  is  deliquescent,  and  gradually  passes 
through  the  filter,  while  the  rubidium  ssJt  is  unafi&cted. 
The  caesium  tartrate  was  turned  into  pure  chloride  by  re* 
peated  precipitation  with  platinum  chloride,  reduction  in 
nydrogen  ana  solution.  The  determinations  were  made  on 
the  product  of  successive  purifications,  and  only  those  were 
taken  into  consideration  which  were  made  after  analysis 
showed  a  constant  composition.  The  spectroscope  was  em- 
ployed to  test  the  purity  of  the  salt.  (Poggend.  Annal.^  119 ^ 
1868,  5.) 

— .  Mercer  :  188  (0  =  16). 

The  &ct  of  this  determination,  without  details,  is  men- 
tioned by  Frankland.    {Chem.  News,  8^  1868, 18.) 

R.  GoDBPPROY :  182.557  (0  =  16). 

Derived  from  the  mean  of  four  analyses  of  caesium  chlo- 
ride with  argentic  nitrate,  the  extreme  difference  bein^ 
0.185.  CI  =  86.6 ;  Ag  ==  108.  The  caesium  was  separated 
from  the  other  alkalies  by  the  fractional  crystallization  of 
their  alums  continued  until  the  caesium  compound  was 
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spectroscopically  pore.  The  alaminium  was  removed  with 
ammonia,  the  sulphuric  acid  with  barium  chloride  and 
traces  of  barium  with  ammonium  carbonate.  The  caesium 
chloride,  which  was  not  deliquescent,  was  dried  at  150^. 
{Liebifs  Annal,  181, 1876, 185.) 


CALCIUM. 


Bunsen  has  determined  the  specific  heat  of  calcium.  It 
corresponds  to  an  atomic  weight  of  40.     {Omelin-Krautj  L  c.) 

F.  H.  Wollaston:  4j0.7S6  (0  =  16);   254.6  (0  = 
100). 

Wollaston  found  that  48.7  parts  of  carbon  di-oxide  satu- 
rated 56.8  parts  of  lime.  If  C  =  75.4,  the  value  follows. 
{Phil  Trans.,  10^,  1814,  20.) 

J.  J.  Bbrzelius  :  40.SiS  (0  =  16) ;  252.075  (0  =  100). 

801  parts  of  anhydrous  calcium  chloride  gave  775  parts 
argentic  chloride.  If  CI  =  443.28  and  Ag  =  1349.66  the 
value  follows.  This  analysis,  made  in  1818,  was  erroneously 
calculated  from  a  mistake  in  setting  down  its  results  and 
the  atomic  weight  of  Ca  was  taken  at  256.019.  {Poggend. 
AnnaL,8,  1826,189;  and  Lehrbuch  der  Chemie,  5th  ed.,  5, 
1227.) 

J.  Dumas  :  40  (0  =  16). 

Three  experiments  were  made  on  the  calcination  of  <;al- 
cium  carbonate  which  contained  0.08  per  cent,  of  ferric  oxide 
and  silicic  acid.  The  weight  of  the  residue  was  in  mean 
56.07,  or,  subtracting  0.03,  56.04,  with  an  extreme  difference 
of  0.08.  These  figures  give  almost  exactly  40.  The  weigh- 
ings are  reduced  to  vacuum.  [Paris  Comptes  Bendtis,  1^, 
1842,  537.) 

— .  Salvbtat  :  40  (0  =  16) ;  250  (O  =  100). 

It  is  to  be  inferred  from  the  context  that  this  determina- 
tion was  made  from  the  loss  of  weight  ensuing  on  the  de- 
composition of  calcium  carbonate  by  heat  or  sulphuric  acid. 
[Paris  Comptes  Bendus,  17,  1843,  318.) 
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C.  Marionac  :  40.^08  (O  =  16) ;  251.8  (0  =^00). 

Determined  by  precipitating  calcium  chloride  witfarffen- 
tic  nitrate ;  Ag  =  1349.01 ;  CI  =  443.2.  Marignac  laid  no 
weight  on  this  determination  finding  it  impossible  to  pre- 
pare calcium  chloride  which  did  not  show  an  alkaline  re- 
action. The  presence  of  caustic  lime  would  make  the  result 
erroneously  high ;  no  doubt  Berzelius'  early  analysis  was 
defective  from  the  same  cause.  {Berzelius*  Jahresbericht,  ;84, 
1844, 103;  Bibl  Univ.,  Ifi,  1843,  367.) 

Erdmann  and  Marchand  :  40.007  (0  =  100). 

Four  experiments  were  made  on  the  calcination  of  cal- 
cium carbonate  enclosed  in  a  double  platinum  crucible  in  a 
wind-furnace,  till  the  weight  was  constant.  A  mean  of  56 
per  cent,  calcium  oxide  was  found  with  an  extreme  dif- 
ference of  0.05.  This  gives  Ca  =  40  for  C  =  12.  Two  ex- 
periments were  made  by  decomposing  calcium  carbonate 
by  sulphuric  acid.  These  gave  a  mean  of  48.99  carbonic 
acid ;  difference,  0.02.  The  value  taken  is  the  mean  of  all 
experiments.  The  carbonate  was  prepared  by  precipitating 
calcic  chloride  with  ammonium  carbonate,  and  drying  at 
160°  to  180°.  Confirmatory  experiments  were  made  on  ice- 
land  spar.  The  weighings  are  reduced  to  vacuum.  (Erd-- 
mann's  Jonm.fur  Prak.  Ghem.,  26, 1842,  472.) 
Berzelius  maintained  that  Erdmann  and  Marchand  em- 
loved  material  containing  water,  chlorine  and  magnesium, 
rdmann  and  Marchand  answered  that  there  could  be  no 
magnesium  and  was  no  chlorine  but  that  they  had  convinced 
themselves  that  spar  is  the  only  compound  of  certain  and 
constant  composition.  Berzelius  replied  that  they  then 
admitted  that  their  carbonate  contained  water.  Erdmann 
and  Marchand  appealed  to  their  experiments  on  spar,  upon 
which  Berzelius  made  experiments  showing,  that  spar,  too, 
retains  water  at  200°.  This  Erdmann  and  Marcnand  de- 
nied and  finally  assert  that  all  the  carbonic  acid  is  not  driven 
off  at  any  attainable  temperature,  and  that  their  results 
were  therefore  too  high  instead  of  being  too  low.  The 
error  they  estimate  to  exactly  cover  the  difference  between 
their  averasces  and  40.  {Eramann's  Joum.fur  Prak.  Chern., 
31, 1844,  257;  57, 1846,  75;  60, 1850,  287.) 

Erdmann  and  Marchand  :  4j0.062  (0  =  16) ;  250.39 
(O  =  100). 

The  spar  experiments  referred  to  above.  Six  analyses  were 
made  as  before,  giving  a  mean  of  56.028  oxide ;  extreme 
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difference  0.047.  {Erdmann's  Joum.  fiir  Prak.  ChemiCj  Sly 
1844,  268.)  Another  experiment,  in  which  the  absence  of 
water  was  proved,  gave  56.08  lime.  The  weighings  are  re- 
duced to  vacuum.  {Urdmann's  Joum.  fur  Prak.  Uhem.j  37. 
1846,  77.) 

J.  J.   Berzblius  :   40.96^  (0  =  16) ;    251.651  (O  = 

100). 

Five  experiments  were  made  on  the  conversion  of  caustic 
lime  into  sulphatp.  The  value  is  the  mean  for  8  ==  200.75 ; 
extreme  difference  0.962  for  O  =  100.  The  lime  was  care- 
fully purified  and  burnt,  but  Berzelius  says  nothing  of  test- 
ing it  for  carbonic  acid,  upon  which  Erdmann  and  Marchand 
found  an  objection.  Berzelius  expresses  himself  ill  satisfied 
with  the  results.  (Liebig's  AnnaLj  46 j  1843,  241;  also 
Lehrbuch  der  Chemie,  5th  ed.,  5, 1228.) 

J.  Dumas  :  40.02  (0  =  16). 

Five  experiments  were  made  on  the  titration  of  calcium 
chloride  with  argentic  nitrate.  They  give  a  mean  of  20.065, 
but  Dumas  considers  only  three  of  them  as  entitled  to  a 
voice.  These  eive  20.01;  extreme  difference,  0.08.  The 
calcium  chloride  was  prepared  by  dissolving  marble  in 
chlorhydric  acid,  digestion  with  lime  water,  filtration, 
evaporation,  treatment  with  chlorhydric  acid  and  heating 
in  a  current  of  chlorine.  For  the  three  experiments 
averaged  the  chloride  was  kept  melted  in  the  current  of  gas 
for  from  8  to  10  hours.  Ag  =  108 ;  CI  =  86.6.  {Annal.  de 
Chimie  et  de  Pht/siquey  (3,)  55, 1869, 129.) 


CARBON. 


The  specific  gravitv  of  gaseous  carbon  compounds  shows 
that  the  atomic  weight  must  be  nearly  12.  {GmeUn- Kraut j 
I.  c.)  Weber  has  shown  that  the  specific  heat  of  carbon  at 
high  temperatures  obeys  Dulong  and  Petit's  law. 

F.  H.  WoLLASTON :  le.Oei  (0  =  16) ;  75.4  (0  =  100). 

Biot  and  Arago  found  the  specific  gravity  of  carbon  di- 
oxide 1.6196,  and  that  of  oxygen,  1.1086.  Calculation  from 
these  data  gives  the  value.    {Phil.  Trans.,  10^,  1814,  20.) 
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J.  J.  Bbrzelius  :  earlier  determinations. 

In  1817  Berzelins  attempted  to  determine  the  atomic 
weight  of  carbon  by*  two  analyses  of  plumbic  carbonate. 
[These  analyses  calculated  for  Pb  =  206.926  (Stas,)  give  C 
==  11.998  and  11.984,  or  74.99  and  74.90.]  Considering  the 
difference  too  great,  he  calculated  the  atomic  weight  from 
Biot  and  Arago's  determination  of  the  specific  gravities  of 
carbon  di-oxide  and  oxygen,  1.10869  and  1.61961.  Berze- 
lius  gives  76.33  as  the  result ;  [I  make  it  76.394.]  Subse- 
quently, (1819,)  Berzelius  and  Dulong  determined  these 
specific  gravities  more  accurately  at  1.6^  and  1.1026  whence 
he  calculated  O  =  76.487.  This  number  was  accepted  until 
Dumas  showed  it  to  be  false,  although  in  the  mean  time 
carbon  di-oxide  had  been  shown  to  be  a  condensible  eas. 
According  to  Dumas,  Berzelius  at  one  time  accepted  a  value 
76.62  of  which  I  have  found  no  account.  In  Berzelius' 
Lekrtmchj  5, 1174, 76.48  is  a  misprint  for  76.487.  {Berzelius' 
Lehrbuch  der  Chemk^  6th  ed.,  5, 1197,  et passim.) 

T.  Thomson  :  12  (0  =  16) ;  76  (0  =  100). 

Thomson  fonnd  the  specific  gravity  of  carbon  di-oxide 
1.62673.  Assuming  the  specific  gravity  of  oxygen  at  1.1111, 
chiefly  to  accord  with  the  supposition  that  air  is  a  compound 
containing  20  per  cent,  of  oxygen,  he  calculates  the  atomic 
weight  of  carbon  at  76.  (JShrdmann's  Joum.  fUr  Prak.  Chem.j 
*,  1836,  872 ;  Beeords  of  General  t^nence^  by  R,  D.  Thomson^ 
1836, 179.) 

J.  Dumas  :  about  12.16  (0  =  16) ;  76  (O  =  100). 

From  analysis  of  well  crystallized  naphthaline,  Dumas  in- 
fers that  the  atomic  weight  of  carbon  cannot  be  so  hig^h  as 
76.44,  and  must  be  nearly  as  above.  {Poggend.  AnnaLy  44^ 
1888,110.) 

J.J.Bbrzelius:  12.23  {0  =:  16);  76.468  (0  =  100). 

One  experiment  was  made  on  the  decomposition  of  plum- 
bic carbonate  by  heat,  which  gave  0  =  76.405.  pf  Pb  = 
206.926,  the  data  rive  0  =  12.186,  or  76.167.]  Another 
experiment  was  made  on  the  oxalate,  which  gave  C  =  76.611. 
Berzelius  regards  these  results  as  confirmatory  of  the  value 
76.488.  The  plumbic  carbonate  was  prepared  by  precipi- 
tating the  nitrate  with  Ammonium  carbonate.  The  oxalate 
was  obtained  by  decomposing  the  acetate  with  oxalic  acid. 
(Liebifs  Annal.,  SO,  1889,  241.) 
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G.  FowNES :  12.12  (O  =  16). 

Determined  by  three  analyses  of  naphthaline  with  cupric 
oxide,  the  usual  precautions  being  observed.  The  value  is 
the  mean ;  extreme  difference,  0.14.  The  naphthaline  was 
purified  by  slow  sublimation  in  a  florence  flask,  and  was 
brilliantly  white.  Fownes  does  not  regard  his  results  as 
conclusive  as  to  the  exact  value.  {Phil.  Mag.^  (3,)  i5,  1839, 
62.) 

E.  MiTSCHERLiCH  :,  13.016  (0  =  16) ;  75.1  (0  =  100). 

Experiments  made  on  the  analysis  of  naphthaline  by  the 
ordinary  method  of  organic  analysis  gave  never  more  than 
76.2,  and  those  which  seemed  most  accurate  very  nearly  75. 
(MUscherlich^s  Lehrbuch  der  Chemie^  4th  ed.,  i,  1844,  595.) 

Dumas  and  Stas  i  IS  (0  =  16) ;  75  (O  =  100). 

Determined  by  fourteen  experiments  on  the  combustion 
of  carbon  in  oxygen,  the  resulting  carbon  di-oxide  being 
weighed.  In  five  cases  natural  graphite  was  employed,  and 
in  four  graphite  from  charcoal  pig-iron.  Both  were  puri- 
fied-by  treatment  with  acid  and  heating  in  chlorine.  The 
necessary  oxygen  was  developed  in  the  combustion-tube 
from  potassic  chlorate  and  cupric  oxide.  In  five  experi- 
ments diamond  was  employed,  and  the  oxygen  was  furnished 
from  a  gasometer.  The  oxygen  was  displaced  by  air,  espe- 
cially purified  from  carbon  di-oxide  by  milk  of  lime.  The 
products  of  combustion  were  collected  in  tubes  filled  with 
pumice  stone  moistened  with  sulphuric  acid,  Liebig  potash- 
bulbs  and  tubes  filled  with  dry  potash.  The  mean  of  the 
experiments  on  graphite  gave  C  =  74.982;  those  on  dia- 
mond gave  75.005;  the  extreme  difference  was  0.238.  The 
observers  point  out  that  the  result  would  not  be  affected  by 
reduction  to  vacuum.  [AnnaL  de  Chirhie  et  de  Physiquej  (3,) 
i,  1841,5.) 

Liebig  tninks  that  potash  must  have  been  volatilized,  and 
says  that  there  is  no  assurance  that  the  oxygen  was  com- 
pletely expelled  by  air.  He  also  points  out  that  the  analyses 
of  camphor  and  benzoic  acid,  accompanying  the  investiga- 
tion, show  an  excess  of  carbon  for  C  =s  75.  [Liebig' s 
Anml,  S8y  1841, 195.) 

Erdmann  and  Marchand  :  13,009  (O  =  16) ;  75.054 
(0  =  100). 

Erdmann  and  Marchand  repeated  Dumas'  and  Stas'  ex- 
periments.   Five  experiments  on  diamond  gave  C  =  75.028 ; 


CARBON.  31 

extreme  difference,  0.88.  Three  experiments  on  natural 
and  one  on  artificial  graphite  ^ave  C  =:  75.087 ;  extreme 
difierence,  0.13.  The  namber  is  the  mean  of  all  experi- 
ments. Erdmann  and  Marchand  adopt  75.  Calcium  chlo- 
ride was  used  in  these  experiments  instead  of  sulphuric 
acid  to  avoid  objections  as  to  the  possible  volatility  of  the 
acid.    {Erdmann'3  Joum.  fur  Frak.  Chem.,  M,  1841, 159.) 

Berzblius  and  Liebig  and  Redtenbagher  :  1SJ19 
(O  =  16) ;  75.741  (0  =  100). 

Five  analyses  by  Berzelius  of  the  tartrate  of  lead,  the 
decomposition  being  effected  by  heat,  gave  62.7431  per  cent, 
plambic  oxide ;  extreme  difference,  0.045.  Several  analyses 
of  plambic  racemate  gave  a  mean  of  62.75  per  cent,  oxide ; 
extreme  difference,  0.05.  The  salts  were  prepared  by  frac- 
tional precipitation  of  plumbic  acetate  with  tartaric  and 
racemic  acids  respectively.  They  were  dried  at  100°.  {Pog- 
gend.  Annai.,  19 j  1830,  306.)  From  the  analyses  of  the 
tartrate  Liebig  and  Redtenbacher  calculate  C  =  75.771,  and 
from  the  racemate  75.711,  taking  Pb  =  1294.489  and  H  = 
6.2894.    {Liebig's  Annal.,  38,  1841,  187.) 

LiBBiG  and  Rbdtbnbaohbr  :  JgJS7  (0  =  16);  75.854 
(O  =  100). 

Determined  by  decomposing  known  weights  of  organic 
salts  of  silver  in  a  covered  crucible  by  heat  and  weighing 
the  silver.  Five  analyses  of  each  of  the  following  salts 
showed  that  18.6118  Ag  =  28.8098  acetate ;  9.6171  Ag  = 
16.223  tartrate ;  16.2641  Ag  =  27.438  racemate ;  16.0596 
Ag  =  26.9019  malate.  If  Ag  =  1351.607  and  H  =  6.2394, 
the  above  value  for  C  follows,  with  an  extreme  difference 
for  the  20  analyses  of  0.765,  (0  =  100.)  The  figures  are  all 
calculated  for  vacuum:  [If  Ag  =  107.93  and  B  =  1.0025, 
the  average  number  obtained  from  the  mean  of  each  set  of 
analyses  gives  C  =  12.06865  or  75.429.]  The  acetate  was 
prepared  by  partially  neutralizing  pure  acetic  acid  with 
ammonia,  precipitating  with  argentic  nitrate  and  recrystal- 
lizing  the  salt  from  hot  aqueous  solution.  The  crystals 
were  dried  at  103®.  The  acetic  acid  was  prepared  from 
plambic  acetate.  The  tartrate  was  prepared  by  adding  tar- 
trate of  sodium  and  potassium  to  a  hot  (80®  to  85®)  dilute 
solution  of  argentic  nitrate  till  a  small  permanent  precipi- 
tate was  formed,  and  cooling  the  solution.  The  racemate 
was  prepared  from  pure  acid  racemate  of  ammonium  like 
the  tartrate.      The    malate  was   prepared  from    calcium 
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malate  and  argentic  nitrate.  The  salt  thus  obtained  was 
dissolved  in  nitric  acid,  and  reprecipitated  \^ith  ammonia 
added  drop  by  drop,  not  to  complete  neutralization,  washed 
and  dried.    (Liebig's  Annal.,  S8, 1841, 139.) . 

A.  Strecker  recalculated  Liebig  and  Redtenbacher's 
analyses  given  above,  independently  of  the  atomic  weight 
of  silver,  from  the  difference  in  their  atomic  composition, 
employing  the  method  of  least  squares.  He  found  C  = 
75.415  ±  0.061,  or  12.066  ±  0.01.  In  the  same  way,  and 
from  the  same  analyses  he  calculated  the  atomic  weight  of 
silver  at  1848.79,  or  107.9082.  [The  close  coincidence  be- 
tween this  result  and  Stas',  is  certainly  worthy  of  remark.] 
{Liebig's  Annal.^  69, 1846,  280.) 

Marignac  repeated  Liebig  and  Redtenbacher's  experi- 
ments and  got  almost  the  same  results,  but,  b^  varying  the 
method  so  as  to  preclude  loss  by  spirting,  different  ones. 
{Liebig's  Annal.,  69, 1846,  287.) 

Stas  had  the  same  experience  as  Marignac,  and  also 
ascribes  Liebiff  and  Redtenbacher's  high  results  to  loss  by 
spirting.  {Bmelin  de  PAcad.  Boy.  des  Sciences  de  Belgique, 
16, 1849,  9.) 

C.  Marignac  :  11.986  (0  =  16). 

Determined  by  three  analyses  of  the  acetate  of  silver.  The 
salt  was  decomposed  by  heat  in  a  tube  in  such  a  way  that 
the  products  of  decomposition  were  forced  to  pass  through 
porous  silver,  and  loss  by  spirting  was  impossible.  100  parts 
of  the  salt  were  found  to  contain  a  mean  of  64.664  silver,  with 
an  extreme  difference  of  0.005  in  vacuo.  [If  Ag  =:  107.93, 
these  figures  give  the  above  value.]  Marignac  regards  the 
analysis  as  a  confirmation  of  Dumas  and  Stas'  determina- 
tion. The  acetate  was  prepared  by  solution  of  argentic 
carbonate  in  acetic  acid  and  successive  recrystallizations. 
(Liebig's  Annul.,  69,  1846,  287;  BibL  Univ.,  Arch,  des 
Sciences,  1.  1846.) 

Strecker  believes  that  the  silver  in  Marignac's  determina- 
tion must  have  retained  carbon.    [Ibid.  284.) 

F.  VON  Wbbdb  :  12.019  (O  =  16) ;  75.12  (O  =  100). 

Von  Wrede  determined  the  specific  gravity  of  carbon  di- 
oxide, taking  into  consideration  its  variation  from  the  law 
of  Marriotte.      He  found  it  equal  to  1.52087  ^  \  o  oo49.p. 

He  also  found  the  specific  gravity  of  oxygen  1.1052  and 
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that  of  carbonic  oxide  0.96779.  Comparison  gives  C  = 
75.11  to  75.14.  {BerzeUus'  Jahresbmcht,  SS,  1842, 72.)  Berze- 
lias  adopted  this  determinatioD. 

According  to  Gmelin-Kraut,  J,  (2,)  70,  Regnault's  value 
for  the  specific  gravity  of  oxygen  combined  with  von  Wrede's 
for  carbon  di-oxide  gives  C  =  12.0037,  and  with  that  for  car- 
bonic oxide  C  =  12.0105. 

J.  S.  Stas  :  ie.005  (O  =  16) ;  76.0S9  (O  =  100). 

Determined  by  passing  carbonic  oxide  over  a  known 
weiffht  of  pure  cupric  oxide,  and  weighing  the  carbon  di- 
oxide formed.  Stas  got  from  eight  experiments  C  =  74.993 
to  75.055.  [The  number  taken  is  the  mean  of  the  results, 
which  is  misprinted  in  Stas'  paper  75.039.]  The  carbonic 
oxide  was  prepared  from  oxalic  acid  by  the  action  of  sul- 
phuric acid.  It  was  purified  from  carbon  di-oxide  by  pass- 
ing through  potash  tubes,  and  from  oxygen  by  passing  over 
hot  copper  filings,  and  was  kept  in  a  gasometer  over  water, 
in  which  was  dissolved  a  solution  of  stannous  oxide  in  pot- 
ash. The  cupric  oxide  was  prepared  by  igniting  pure  cupric 
nitrate.  The  carbonic  acid  formed  in  the  experiments  was 
caught  in  potash  and  sulphuric  acid  tubes.  The  amount  of 
carbon  di-oxide  weighed  was  from  23  to  67  grammes.  The 
weighings  are  reduced  to  vacuum.  {Bulletin  de  VAcad.  Boy. 
des  Sciences  de  Belgique^  16^  1849,  9.) 

GRAPHON. 

B.  C.  Brodib  :  83  (O  =  16). 

By  the  action  of  potassic  chlorate  and  nitric  acid  on  gra- 

Ehite,  Brodie  obtained  a  compound  of  carbon,  oxvgen  and 
jdrogen  containing  11  atoms  of  carbon,  and  by  the  action 
of  heat  on  this  substance  two  others  containing,  respectively, 
22  and  66  atoms.  The  first  of  these  is  analogous  to  the 
hydrated  oxide  of  silicon  obtained  by  Buff  and  Woehler, 
if  Si  =  21.  Prom  this  fact,  and  the  specific  heat  of  gra- 
phite, Brodie  concludes  that  the  atomic  weight  of  the 
graphitic  form  of  C  is  33.  {Phil.  Trans.,  14^,  1859,  249.) 
ur^am-Otto  points  out  that  if  Si  =  28,  graphon  must  be 
44,  and  that,  in  that  case,  the  argument  from  the  specific 
heat  loses  its  applicability. 

S 
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CERIUAL 

The  specific  heat  of  metallic  ceriam,  as  determined  by 
W.  F.  Hillebrand,  is  0.04479,  and  the  atomic  heat  6.18  if  the 
atomic  weight  is  188.    {Poggend.  Annal.^  168^  1876,  86.) 

It  is  well  known  that  cerium  is  always  accompanied  in 
nature  b^  lanthanium  and  didymium.  The  former  was  dis- 
covered m  1889,  and  the  latter  in  1843,  both  by  Mosander. 

W.  HisiNGBR :  1S7.9S  (O  =  16). 

According  to  Hisinger,  as  reported  by  Berzelius,  the  lower 
oxide  of  cerium  contains  14.821  0  per  100  Ce,  giving  the 
atomic  weight  at  574.718  for  O  =  100,  if  the  lower  oxide  is 
regarded  as  a  protoxide.    {Poggend.  AnnaL^  8j  1826, 186.) 

T.  Thomson  :  160  (0  =  16). 

Thomson  analysed  the  sulphate  and  obtained  for  cerium 
the  value  625,  (O  =  100.)  [He  probably  took  barium  =  70.} 
{System  of  Chem.,  7th  ed.,  i,  1831,  466.) 

F.  J.  Otto  :  1S8.91  (0  =  16). 

According  to  Gmelin,  Otto  found  in  an  approximate  de- 
termination Ce  =  678.8,  and  recorded  it  in  his  revised  trans- 
lation of  Graham's  Chemistry,  i,  1840,  222. 

A.  Bbringbr  :  1S8.4S  (O  =  16). 

[Three  analyses  of  cerous  chloride  with  silver  give  the 
atomic  weight  of  cerium  at  676.375,  or  92.22,  if  Ag  = 
107.98,  and  CI  =  36.467.  Inconsistent  results  are  given  for 
an  analysis  of  the  sulphide.]  Three  analyses  of  the  sul- 
phate in  which  the  oxide  was  determined,  gave  67.4717  per 
cent,  so-called  protoxide,  [or  Ce  =  676.31,  or  92.21,  if  8  = 
82.0742.]  Analysis  of  the  formate  gave  Ce  =  677.04  for 
C  =  76.86.  The  material  for  the  preparations  was  eerie 
oxide  obtained  from  cerite,.and  purified  from  lanthanium 
by  digestion  with  very  dilute  nitric  acid.  The  lower  oxide 
was  assumed  to  be  Ce  O.    {Liebig's  AnnaLy  4^,  1842, 184.) 

R.  Hermann  :  138  (O  =  16). 

The  lower  oxide  was  assumed  to  be  Ce  O.  28.528  parts  of 
anhydrous  cerous  sulphate  jrave  29.160  parts  of  barium  sul- 
phate, giving  Ce  =  676,  for  0  =  100,  Ba  =  866.88,  and 
D  =  201.16.    The  salt  was  obtained  by  precipitating  basic 
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sulphate  from  a  sulphuric  solution  of  the  cerite  oxides,  and 
coDvertiDg  this  precipitate  into  the  neatral  salt.  {MrdmamCs 
JomufUr  Prakj  Chem.,  SO,  1848, 184.) 

C.  Rammblsbero  :  137.93  (O  =  16). 

Hermann  states  that  Rammelsberg  experimented  on 
cerinm  salts  free  from  lanthanium,  and  got  Ce  =s  574.7,  the 
lower  oxide  being  supposed  to  contain  one  atom  of  oxygen. 
P  cannot  find  the  original  paper.]  {Erdnuinn's  Joum,  fur 
Frak.  Chem.,  SO,  1843,  184.) 

C.  Marignac  :  14J.79  (0  =  16). 

The  result  of  seven  experiments  on  the  titration  of  cerous 
sulphate,  prepared  from  basic  sulphate,  with  barium  chlo- 
ride. {Erdmann^s  Joum.  fur  Prak.  Chem.^4Sy  1849,406; 
BM,  Univ.  Arch  des  Sciences^  5,  265.)  Marignac  subsequently 
made  experiments  which  showed  these  results  to  be  too  high 
from  the  impurity  of  the  barium  sulphate  precipitate,  (see 
note  to  Turner's  determination  of  Barium,)  and  that  the 
number  575  (for  O  =  100  and  cerous  oxide  Ce  O)  was  more 
probable.  lAnnal.  de  Chimie  et  de  PhysiquCy  (3,)  38, 1853, 
148.) 

T.  Kjerulf  :  174.66. 

Ejerulf  obtained,  by  three  organic  analyses  of  cerium 
oxalate,  Ce  =  727.83  on  the  protoxide  theory,  0  =  100.  The 
Bait  was  prepared  by  dissolving  cerium  oxide  in  oxalic  acid. 
(lAebig's  Annal.,  87, 1858,  12.)  Bunsen  points  out  that  this 
must  have  been  a  basic  salt,     i^lbid,  105,  1858,  50.) 

R.  BuNSKN  and  J.  Jegel  :  138.193  (0  =  16). 

The  lower  oxide  was  presumed  to  contain  one  atom  of 
oxygen.  In  two  experiments  cerous  sulphate  was  decom- 
posed with  ammonium  oxalate.  The  sulphuric  acid  thus 
liberated  was  determined  with  barium  sulphate ;  the  cerium 
oxalate  precipitate  was  decomposed  by  heat  with  the  forma- 
tion of  eerie  oxide,  which  was  weighed  and  the  additional 
oxygen,  introduced  by  heating,  determined  by  iodometric 
titration.  The  salt  was  not  anhydrous ;  the  water  contents 
was  estimated  by  difference.  The  experiments  gave  respec- 
tively 57.49  and  57.46  per  cent  cerous  oxide  in  the  anhydrous 
salt,  or  Ce  =  576.3  and  576.25  if  S  =  200.  One  experiment 
was  made  on  hydrous  cerium  oxalate.  The  cerous  oxide 
was  found  as  before ;  the  water  was  determined  and  the 
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oxalic  acid  was  estimated  by  difference.  This  gave  60.02 
per  cent,  cerous  oxide,  calculated  for  the  anhydrous  salt,  or 
Ce  =  575.65.  The  salts  were  prepared  from  cerite  as  fol- 
lows: the  mineral  was  digested  with  sulphuric  acid,  the 
sulphates  formed  were  leached  with  water  and  with  dilute 
nitric  acid ;  this  solution  was  treated  with  hydrogen  sul- 
phide, chlorhydric  acid  was  added  and  cerium  oxalate  was 
precipitated.  The  oxalate  was  heated  with  magnesia  to 
convert  the  cerium  into  the  higher  oxide,  which  was  dis- 
solved in  concentrated  nitric  acid.  After  diluting  the  solu- 
tion, chemically  pure  basic  sulphate  was  precipitated.  In 
the  preparation  of  cerous  sulphate  and  oxalate  oxidation 
was  prevented  by  the  action  of  sulphurous  acid.  {Liebig's 
AnnaLy  106, 1858,  45.) 

C.  Rammblsbbrg  :  lS8Jil6  (O  =  16). 

One  experiment  on  the  organic  analysis  of  cerium  oxalate 
by  heating  in  a  current  of  oxygen  behind  copper  oxide  gave 
Ce  =  575.9,  (O  =  100,)  or  92.144,  (O  =  16,)  cerous  oxide 
being  regarded  as  Ce  O.  Kammelsberg  does  not  adopt  his 
own,  but  Hermann's  determination.  (Poggend.  AnnaLy  108, 
1859,  44.) 

C.  Wolf:  1S6.99S  (O  =  16). 

Determined  from  experiments  on  the  sulphate,  prepared 
and  analyzed  as  by  Bunsen  and  Jegel.  Wolf  purified  the 
basic  sulphate  by  solution  in  nitric  acid  and  reprecipitation 
in  hot  water,  aided  by  recrystallizations.  He  found  that 
the  oftener  these  processes  were  repeated  the  smaller  was 
the  atomic  weight  resultiufi^  from  the  analysis.  The  purifi- 
cations were  repeated  until  the  salt  was  spectroscopically 
free  from  didymium,  and  was  perfectly  white,  (that  employed 
by  other  investigators  had  been  yellowish  or  buff.)  The 
value  taken,  45.664,  [or  ^  of  186.992,]  was  the  smallest 
and  last  value  reached.  The  investigation  was  made  in 
Bunsen's  laboratory.  {Silliman^s  Am,  Joum,,  (2,)  4^,  1868, 
53.) 

C.  H.  Wing  :  137.01  (O  =  16). 

Two  experiments  were  made  on  the  decomposition  of 
hydrous  cerium  sulphate  with  oxalic  acid,  the  cerium  oxalate 
being  converted  into  eerie  oxide  by  heat.  The  amount  of 
cerous  oxide  in  the  eerie  oxide  was  calculated  according  to 
"Wolfs  results,  ^ving  for  the  atomic  weight  of  cerium  45.64 
and  45.69,  8  being  32.     The  cerium  was  six  times  recon- 
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verted  into  basic  sulphate,  and  repeated  recrystallizations 
were  made.  The  salt  was  white  and  spectroscopically  pure. 
The  determination  was  made  in  Gibbs'  laboratory.  {Silli- 
man's  Amer.  Joum.  (2,)  49^  1870,  356.) 

D.  Mendelbjepp:  188  (0  =  16). 

Mendelejeff  first  suggested  raising  the  atomic  weight  of 
cerium  from  92  to  138.  His  reasons  were  a  specific  heat 
determination  which  he  had  made  with  very  impure  metal, 
and  the  fact  that  the  supposed  sesquioxide  had  never  been 
shown  to  exist.  He  believes  that  the  atomic  weight  will 
be  found  somewhat  below  138,  because  that  is  the  atomic 
weight  of  barium.     {Liebig's  Annal.^  suppl.,  <S,  1871,  186.) 

H.  BuEHRiQ :  140.648  (0  =  16). 

Determined  from  ten  analyses  of  the  hydrous  oxalate  per- 
formed by  combustion  in  a  current  of  pure  oxygen  behind 
copper  oxide.  The  water  was  collected  in  tubes  filled  with 
calcic  chloride,  and  the  carbonic  acid  in  potash.  Five  ex- 
periments in  which  the  cerium  oxide  was  not  determined 
gave  a  mean  of  94.1304,  on  the  supposition  that  cerous 
oxide  contains  1  atom  of  oxygen  and  that  0  ==  15.96,  with 
an  extreme  difference  of  0.0445.  Five  determinations  in 
which  the  cerium  was  determined  as  eerie  oxide  gave 
94.2260,  with  an  extreme  difference  of  0.0431.  Carbon  was 
taken  at  11.97.  The  mean  result  is  Ce  =  94.1782  for  the 
above  mentioned  assumptions,  [or  140.648  for  O  =  16,  and 
on  the  supposition  that  cerous  oxide  is  a  sesqui-compound.] 
The  oxalate  was  prepared  from  basic  nitrate  purified  by 
Gibbs'  method  of  oxidation  with  minium  and  nitric  acid. 
The  salt  was  spectroscopically  pure.  {ErdmanrCs  Joum.fiir 
Prak  Chm.,  ISO,  1873,  222.)     • 
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The  density  of  chlorine  gas  and  the  specific  heat  of  chlo- 
rine compounds  leave  no  doubt  that  the  atomic  weight  of 
this  element  is  nearly  35.5.    {Gmelin-Krauty  L  c.) 

Maroet,  Bbrzelius,  Wollaston  :  S6.S8  {0  =  16). 

Marcet,  by  experimenting  on  the  calcination  of  pure  mar- 
ble, and  on  the  saturation  of  chlorhydric  acid  with  lime, 
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found  as  the  mean  of  many  trials,  that  50.77  calcic  carbo- 
nate are  equivalent  to  56.1  calcic  chloride.  Wollaston, 
taking  the  equivalent  of  calcic  carbonate  at  630,  and  that 
of  calcium  at  255,  calculates  the  equivalent  of  chlorine  at 
441  for  0  =  100.  Wollaston  cites  Berzelius  as  having  ob- 
tained the  same  number  by  the  conversion  of  plumbic  car- 
bonate into  chloride.  {FhiL  Trans.,  97,  1807,  801;  lOi, 
1814,  20.) 

J.  J.  Berzelius  :  35413  (O  =  16) ;   221.827  (0  = 
100). 

The  molecular  weight  of  potassium  chloride  was  ascer- 
tained from  four  experiments  on  the  decomposition  of 
potassium  chlorate,  which  on  being  heated  lost  89.15  per 
cent,  oxygen.  This  gives  for  the  chloride  982.567,  (O  = 
100.)  100  parts  of  potassium  chloride  were  further  found 
equivalent  to  192.4  parts  argentic  chloride,  and  100  parts  of 
silver  to  182.75  argentic  chloride.  The  value  follows. 
Berzelius  in  his  Lehrbuch  accepts  Marignac's  determination 
and  ascribes  the  error  of  the  value  he  had  obtained  to  the 
imperfect  decomposition  of  that  portion  of  the  chlorate 
which  was  carried  off  as  dust  during  the  experiment.  {Pog- 
gend.  Annai.j  <?,  1826, 17;  also  Lehrbuch  der  Chemie^S,  1189, 
1191.) 

E.  Turner  :  85.42  (0  =  16). 

Turner  made  two  experiments  on  the  decomposition  of 
plumbic  chloride  with  argentic  nitrate.  Assuming  the 
atomic  weight  of  lead  at  108.6,  and  that  100  silver  =  182.8 
chloride,  these  analyses  gave  CI  =  85.48  and  85.48.  Turner 
also  decomposed  corrosive  sublimate  with  calcic  oxide  neu- 
tralized with  nitric  acid  and  precipitated  with  argentic 
nitrate.  If  mercury  =  201,  these  analyses  eive  a  maximum 
of  85.28,  and  a  minimum  of  85.21,  of  which  Turner  selects 
the  largest.  From  calomel  treated  in  the  same  way,  he 
arrived  at  the  value  85.85.  From  his  experiments  on  the 
composition  of  argentic  chloride  (and  apparently  compari- 
son with  potassic  chloride  and  chlorate)  Turner  got 
85.45.  The  mean  of  the  other  experiments  was  85.85,  but 
Turner  considers  85.42  as  being  the  most  likely  value.  The 
plumbum  chloride  was  prepared  from  the  carbonate,  and 
was  purified  bv  recrystallization,  as  was  also  the  corrosive 
sublimate.  The  calomel  was  "  prepared  by  Mr.  Howard," 
and  retained  traces  of  moisture  at  300°,  which  would  make 
the  atomic  weight  derived  from  its  analysis  too  small.  The 
values  are  for  vacuum.    {Phil  Trans.,  123,  1838,  529.) 
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F.  Pbnny  :  35.454  (0  =  16). 

Six  experiments  on  the  conversion  of  silver  into  nitrate 

five  100  Ag  =  157.441  nitrate ;  extreme  diflterence^  0.028. 
waive  experiments  by  three  different  methods  on  the  con- 
version of  silver  into  chloride  gave  100  Ag  =  132.887  chlo- 
ride. Four  series  of  experiments  on  the  interconversion  of 
potassic  chloride,  chlorate  and  nitrate  gave  for  the  difference 
between  the  molecular  weights  of  the  chloride  and  the 
nitrate  26.56.  Corresponding  experiments  with  sodium 
salts  gave  the  same  difference  26.568.  The  mean  combined 
with  the  data  for  the  silver  salts  gives  the  molecular  weight 
of  argentic  chloride  at  143.424,  and  CI  =  35.454.  For  mr- 
ther  details  see  Penny's  determinations  of  potassium,  sodium, 
nitrogen  and  silver.  The  weighings  were  calculated  for 
vacuum.    {Phil.  TVans.,  1S9, 1839,  32.*) 

R  Phillips  :  85.688  (O  =  16). 

In  order  to  avoid  the  error  possibly  incurred  by  the  melt- 
ing of  argentic  chloride,  etc.,  Phillips  mixed  known  and 
nearly  equivalent  quantities  of  silver  dissolved  in  nitric  acid, 
or  of  crystallized  argentic  nitrate,  with  ammonium  chloride ; 
filtered,  washed,  and  precipitated  the  comparatively  minute 
amount  of  chlorine  in  the  filtrate  with  silver  solution.  The 
fusion  of  this  small  quantitv  could  cause  no  loss  of  import- 
ance. Phillips  confesses  that  his  ammonium  chloride  was 
acid  and  the  only  conclusions  he  draws  are  that  CI  ==  36, 
N  =  14,  0  =  8  and  H  =  1  may  be  taken  without  consider- 
able error  if  silver  is  108.  [The  method  seems  to  have  been 
original  and  is  nearly  that  afterwards  adopted  by  Pelouze. 
The  acidity  of  the  ammonium  c^iloride  would  of  course  give 
CI  too  high.]    {PhU.  Trans.,  lZ9y  1839,  35.) 

0.  Marionao  :  36.001  (O  =  16) ;  225.007  (0  =  100). 

Determined  by  passing  chlorhydric  acid  gas  over  hot 
cupric  oxide  and  condensing  the  water  formea.  The  mean 
of  three  experiments  was  CT=  450.013 ;  the  extreme  differ- 
ence is  0.2  for  O  =  100.     The  gas  was  made  from  recrys- 

*Thl8  is  one  of  the  moat  elegant  investigations  of  the  kind  to  be  found 
in  chemical  Uterature,  though  it  scarcely  receives  a  mention  except  from 
Stas,  who  accords  to  it  the  praise  it  deserves.  Stas'  wonderfully  exhaustive 
researches  were  necessary  to  prove  beyond  question  that  chemistry  has  a 
mathematical  basis,  and  that  the  atomic  weights  of  the  elements  are  incom- 
mensurate. Penny's  investigation,  taken  in  connection  with  Stas',  shows 
that  the  highest  degree  of  accuracy  is  not  incompatible  with  the  simplest 
means  when  they  are  applied  with  the  care  and  acumen,  without  which 
exact  results  cannot,  under  any  circumstances,  be  obtained. 
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tallized  sea-salt  and  concentrated  sulphuric  acid  and  was 
dried  by  passing  through  nine  tubes  filled  with  sulphuric 
acid  ana  pummice  stone  and  with  calcium  chloride.  The 
water  was  collected  in  a  condenser  to  which  drying  tubes 
were  appended.     {Paris  Oomptes  BendtiSy  14, 1842,  570.) 

A.  Laurent  :  35.468  (O  =  16) ;   221.672  (O  =  100). 

Determined  by  three  analyses  of  chloronaphthalintetrach- 
loride,  which  he  found  to  contain  58.22 ;  58.29;  58.28 ;  per 
cent.  CI.  The  mean  is  58.27  from  which  the  value  follows. 
(Paris  Oomptes  RenduSy  14, 1 842,  456.) 

According  to  Maumen6,  Laurent  confessed  that  his  salt 
was  impure,  containing  chlorose  compounds,  in  Gerhardt*s 
Oomptes  BenduSy  1845, 108.  {AnnaL  ae  Ohimie  etde  Physique^ 
(8,)  18,  1846,  45.) 

C.  Marignao  :  S5.S7  (O  =16) ;  221.07  (0  =  100). 

One  synthesis  of  argentic  chloride  showed  that  100  silver 
equals  32.74  chlorine.  Berzelius  had  found  32.75,  which 
Marienac  adopts.  Marignac  found  by  six  experiments  on 
the  decomposition  of  potassic  chlorate  by  heat,  that  the 
molecular  weight  of  potassic  chloride  was  932.14.  He  tested 
the  equivalence  of  potassic  and  argentic  chlorides  by  pre- 
cipitating the  former  with  argentic  nitrate,  filtering  with- 
out the  use  of  paper  through  a  funnel  with  a  capillary  neck. 
The  precipitate  was  dried  and  weighed,  then  melted  and 
reweighed,  no  loss  being  observable.  100  potassium  chlo- 
ride gave  192.33  and  192.34  argentic  chloride  in  two  ex- 
periments, or  reduced  to  vacuum,  192.26.  Hence  the  atomic 
weight  is  442.13.  The  potassic  chloride  was  prepared  by 
heating  chlorate  which  had  been  purified  by  repeated 
recrystallizations.    {Liebig's  AnnaLj  44^  1842,  23.) 

C.  Marignao:  SS.456  (0  =  16);  221.6  (0  =  100). 

Li  accordance  with  Pelouze's  suggestion,  Marignac  re- 
peated his  determination  of  the  composition  of  argentic 
chloride  and  of  the  equivalence  of  potassic  and  argentic 
chlorides,  retaining  the  molecular  weight  of  potassic  chlo- 
ride mentioned  in  the  last  paragraph.  That  value  was 
obtained  from  the  mean  of  six  experiments  on  the  decom- 
position of  the  chlorate  which  gave  the  percentage  of  oxygen 
at  from  39.155  to  39.167 ;  mean  39.161.  Pelouze  had  got,  as 
the  mean  of  three  experiments,  39.157.  (Paris  Oomptes  KenduSy 
15,  1842,  959.)  Marignac  made  eleven  experiments  on  the 
equivalence  of  silver  and  potassium  chloride  by  Pelouze's 


CHLORINE.  41 

method,  a  known  weight  of  silver  being  dissolved  in  nitric 
acid  and  added  to  a  Known  and  nearly  eauivalent  amount 
of  potassic  chloride  in  solution,  after  which  the  excess  was 
titrated  with  decimal  standard  solution.  100  parts  of  silver 
were  precipitated  by  from  69.049  to  69.067,  in  mean  by 
69.062  chloride.  100  parts  of  chloride  were  precipitated  by 
from  192.83  to  192.87,  in  mean  by  192.848  silver.  Five 
experiments  were  made  on  the  composition  of  argentic 
chloride  by  dissolving  silver  in  nitric  acid,  with  precautions 
against  loss  by  spirting,  precipitation  with  chlorbydric  acid, 
washing,  drying,  melting  and  weighing  in  the  same  vessel. 
100  parts  of  silver  gave  from  182.825  to  132.844  chloride, 
mean  182.84.  Calculation  from  these  data  gives  in  vacuo 
Ag  =  1349.01 ;  K  =  488.94 ;  CI  =  448.20 ;  for  O  =  100  [or 
Ag  =  107.921 ;  K  =  89.115 ;  CI  =  85.466,  for  0  =  16.] 
{Berzdius'  Jahrtabericht,  U,  1844,  58 ;  BM.  Univ.,  46,  1843, 
350.) 

C.  Gbbhabdt  :  86  (0  =16). 

By  heatine  potassic  chlorate  in  a  current  of  oxyeen  Ger- 
hardt  got,  wnen  he  took  precautions  against  loss  by  spirt- 
ing, a  mean  of  60.949  chloride,  from  which  he  deduces  86 
for  chlorine  without  giving  further  data.  {Paris  Comptes 
BenduSj  SI,  1845, 1280.)  Marignac  shows  that  no  data  have 
ever  been  published  which,  in  connection  with  Qerhardt's 
experiments,  would  give  this  value  for  chlorine.  He  adds 
further  experiments  of  his  own  which,  without  aiming  to 
establish  more  exactly  the  true  atomic  weight,  prove  it  less 
than  86  (Liebig's  Annal.,  69,  1846,  284 ;  Bibl  Univ.,  Arch, 
da  Sciences,  1, 1846.) 

E.  J.  MAUMBNfi:  S5.Ji6i  (0  =  16). 

Maamen6  made  seven  analvses  of  argentic  chloride  by 
redaction  in  a  current  of  pure  nydrogen.  Five  of  these  ex- 
periments were  made  with  quantities  less  than  10  grammes, 
and  gave  a  mean  of  100  silver  =  82.786  CI.  Two  experi- 
ments were  made  with  about  80  grammes  each,  and  gave  100 
silver  equal  to  82.86  and  82.853  chlorine.  Maumene  pre- 
fers the  latter,  and  deduces  from  them  for  chlorine  the  value 
443.67  or  35.494-  taking  silver  according  to  his  own  experi- 
ments at  1350.82.  [If  silver  is  taken  at  107.93  (Stas)  the 
same  analyses  give  85.462.]  {Annal.  de  Chimie  eide  Physique. 
(3,)  18, 1846,  41.) 
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A.  Laurent  :  85.5  (0  ==  16) ;  221.88  (0  =  100). 

A  single  experiment  was  made  as  follows :  pure  silver 
was  weighed  on  and  placed  in  a  matrass,  nitric  and  chlor- 
hydric  acids  were  added,  the  liquid  was  evaporated  and 
the  chloride  melted.  An  empty  test  was  carried  on  at  the 
same  time  to  act  as  tare.  Silver  was  taken  at  1850.  {Paris 
Omptes  BenduSy  SOj  1849,  5.) 

J.  Dumas  :  85.5  (0  =  16). 

Determined  by  chloridizing  different  weights  of  pure  silver 
by  heating  the  metal  in  a  current  of  chlorine.  Experiments 
on  10  grammes  and  20  grammes  gave  a  mean  of  85.5055, 
the  difference  being  0.018,  for  chlorine,  if  silver  is  108. 
(Annal.  de  Gdmie  etde  Physique^  (8,)  66 j  1859, 185.) 

J.  8.  Stas:  85.457  (0  =  16). 

Stas  found  the  atomic  weight  of  chlorine  by  three  inde- 
pendent methods : 

(1.)  From  analysis  of  argentic  chlorate  and  svnthesis  of 
argentic  chloride.  A  known  weight  of  the  chlorate  was 
dissolved  in  water,  precipitated  with  sulphuric  acid  to  secure 
advantageous  division  of  the  salt,  and  reduced  while  in 
suspension  by  a  slow  stream  of  sulphurous  anhydride.  The 
chloride  was  washed,  dried,  and  weighed  in  the  flask  in  which 
it  was  produced.  The  minute  amount  of  chloride  present 
in  the  chlorate  was  collected  and  taken  into  consideration, 
and  the  wash-water  was  carefully  examined  for  silver.  Two 
analyses  (of  about  140  and  260  grammes)  gave  for  the 
molecular  weight  of  the  chloride  143.888  and  148.407,  mean 
148.895.  A  variety  of  syntheses  of  argentic  chloride  in  the 
wet  and  in  the  dry  way  showed  that  100  parts  silver  com- 
bined with  nearly  82.850  parts  chlorine.  Stas  assumes  that 
none  of  Us  syntheses  can  possibly  have  given  too  much 
chloride  and  accepts  the  relation  stated.  These  data  give 
CI  =  85.458. 

(2.)  From  the  mutual  relations  of  potassic  chlorate  and 
chloride  and  argentic  chloride,  combined  with  the  composi- 
tion of  the  last.  The  chlorate  was  decomposed  either  by 
gentle  heat  or  in  the  wet  way  with  chlorhydric  acid.  100 
parts  of  chlorate  were  found  to  contain  60.846  parts  chlo- 
ride as  the  mean  of  eight  experiments ;  extreme  difference, 
0.012,  which  gives  the  molecular  weight  of  potassic  chloride 
at  74.59.  The  relation  between  potassic  and  argentic  chlo- 
ride was  ascertained  by  Pelouze's  method,  (see  Marignac's 
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determinatioa  above.)  Twenty  experiments  on  quantities 
of  32  grammes,  and  less,  of  silver  gave  100  parts  Aff  = 
69.103  parts  KCl ;  extreme  difference,  0.008.  These  data 
combined  with  the  composition  of  argentic  chloride  given 
above,  indicate  for  chlorine  35.460. 

(3.)  The  composition  of  argentic  nitrate  was  determined, 
and  the  difference  between  the  atomic  weights  of  nitrogen 
and  chlorine.  In  two  experiments  silver  was  dissolved  in 
nitric  acid,  the  solution  evaporated  to  dryness,  and  the 
nitrate  kept  melted  until  there  was  no  further  loss  of 
weight.  The  result  obtained  was  that  100  silver  =  157.484 
nitrate;  difterence,  0.008.  From  series  of  experiments  on 
the  relation  of  the  chlorides  of  potassium,  sodium,  lithium 
and  silver  to  the  nitrates,  Stas  found  the  difference  between 
a  chloride  and  a  nitrate  from  26.586  to  26.591 ;  mean  26.588. 
These  data  show  that  the  atomic  weight  of  chlorine  lies 
between  35.455  and  35.460,  and  confirm  the  mean  of  all  the 
determinations  of  Penny,  Marignac,  and  Stas,  35.457.  The 
silver  for  this  investigation  was  either  distilled  or  compared 
with  distilled  silver;  it  was  found  impossible  to  reduce 
the  amount  of  silica  in  the  alkaline  salts  below  0.002  of  one 
per  cent.,  it  was  therefore  determined  and  allowed  for; 
every  possible  method  of  purification  by  recrystallization 
and  otherwise  was  resorted  to  to  ensure  purity.  The  weigh- 
ingBare  all  reduced  to  vacuum.  {SiaSj  Unters.  iiber  Cmm. 
PropcrUj  Leipzig,  18670 
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The  specific  heat  of  chromium,  as  determined  from  that 
of  the  oxide  by  Kopp,  Begnault,  and  Neumann,  corresponds 
to  an  atomic  heat  of  from  5.4  to  5.98,  if  the  atomic  weight 
is  taken  at  52.4.     {Gmelin-Kraut,  L  c.) 

J.  J.  Bbrzelius  :  66.S9  (0  =  16) ;  351.819  (0  =  100). 

100  parts  of  plumbic  nitrate,  on  precipitation  with  potas- 
sic  chromate,  gave  98.772  parts  plumbic  chromate.  The 
value  follows  for  Pb  =  1294.498,  and  N  =  88.518.  {Poggend. 
Annal.,  8, 1826,  22.) 

T.  Thomson  :  6^  (O  =  16) ;  400  (O  =  100). 

3.14  grains  of  metallic  chromium,  converted  into  chromic 
acid  by  heating  vdth  potash  and  nitre,  gave  a  precipitate  of 
16.23  grains  plumbic  chromate.  {Phu.  Trans. ,  117, 1827, 
1590 
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E.  Peliqot  :  62.43  (0  =  16) ;  328  (O  =  100). 

Feligot  reached  this  value  by  a  careful  carbon  determina- 
tion of  chromous  acetate,  produced  by  precipitating  a  dilute 
solution  of  chromium  protochloride  with  sodium  acetate, 
C  =s  75.  Peligot  does  not  regard  the  experiment  as  defini- 
tive, the  salt  possessing  but  little  stability.  [AnnaL  de 
aUmie  et  de  Physique,^(i,)  IZ,  1844,  527.) 

K  J.  Berlin  :  6SM  (0  =  16) ;  828.89  (O  =  100). 

Five  experiments  were  made  on  the  decomposition  of 
argentic  chromate  with  chlorhydric  acid  and  alcohol.  The 
silver  chloride  was  washed  in  the  flask  in  which  it  was  pre- 
cipitated, treated  with  aqua  regia,  melted  and  weighed  with- 
out removal.  The  decanted  fluid  and  the  wash-water  were 
evaporated  to  dryness  with  excess  of  ammonia,  treated  with 
water  and  the  chromium  oxide  filtered  off,  heated  to  redness 
and  weighed.  [Nothing  is  said  of  the  recovery  of  any 
argentic  chloride  that  might  have  been  removed  by  the 
decantation.]  The  value  taken  is  calculated  from  the  com- 
parison of  the  amounts  of  argentic  chloride  and  of  chro- 
mium oxide  obtained,  Ag  =  1349.66 ;  CI  =  443.28.  The 
extreme  difference  is  1,  for  0  =  100.  The  argentic  chro- 
mate was  prepared  by  adding  nitrate  to  a  solution  of  potassic 
chromate.  {ErdmanrCs  Journ.  fur  Prak.  Chem.j  38^  1846, 
145.) 

V.  A.  Jaoqublin  :    50.08  (O  =  16) ;  313  (O  =  100). 

By  washing  and  purifying  violet  chromium  chloride, 
Jacquelain  obtained  a  substance  which  he  took  to  be  the 
pure  chloride  and  which  was  more  soluble  than  the  un- 
purified  salt.  He  analysed  it  by  melting  with  soda,  and 
arrived  at  the  above  number.  {Liebig's  AnnaLy  64,  1847, 
275 ;  Berne  ScienL,  U,  198.) 

A.  MoBBRO:  eSMS  (O  =  16);  334.769  (O  =  100). 

Moberg  made  twelve  experiments  on  the  decomposition 
of  chromium  salts  by  heat.  In  two  cases  the  sulphate 
dried  at  a  low  red  heat  was  decomposed  by  strong  ignition 
in  a  platinum  crucible ;  the  results  being,  335.65  and  335.29 
for  chromium.  Ten  experiments  were  made  on  the  decom- 
position of  ammonium-chromium-alum  which  had  been 
dried  in  a  pulverized  state  for  a  long  time.  These  deter- 
minations gave  from  333.965  to  335.739.  The  value  taken 
is  the  mean.  The  alum  employed  was  prepared  from  pure 
material,  and  was  repeatedly  recrystallized.  8  ==  200 ;  N  =s 
87.5.     {ErdmanrCs  Joum.  far  Prak.  Chem.,  P,  1848, 115.) 
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J.  Lbfort  :  5S.97  (O  =  16). 

Determined  by  fourteen  experimenta  on  the  precipitation 
of  barium  with  sulpha ric  acid  from  a  nitric  acid  solution  of 
barium  chromate.  The  barium  cbromate  was  prepared  by 
precipitating  potassium  chromate  with  barium  nitrate  and 
drjing  the  precipitate  at  250°.  [If  these  analyses  are  cal- 
culated fcr  barium  =  187  and  S  =  32,  they  give  100  barium 
chromate  =  60.244  barium  oxide,  extreme  difference,  0.26, 
and  the  atomic  weight  as  above.  Lefort  seems  to  have 
taken  Ba  =  136.72.  Berlin  points  out  the  correction  which 
I  have  verified.]  {ErdmanrCs  Joum.  filr  Prak.  Ghent.  ^  61 , 
1850,  261 ;  Joum.  de  Pharm.  et  de  Ghxm.,  18,  27.) 

R.  WiLDBNSTEiN  :  6S.485  (O  =  16). 

Determined  by  thirty-two  experiments  on  the  precipitation 
of  barium  chloride,  desiccated  at  a  red  heat,  by  pure,  neutral 
potassic  chromate.  The  mean  of  these  analyses  gave  100 
barium  chromate  =  81.70  barium  chloride ;  extreme,  differ- 
ence 0.35.  Wildenstein  calculates  384.48  without  giving 
the  assumption  for  chlorine.  [If  CI  ss  35.457 ;  Ba  =  137, 
the  value  follows.]  {ErdmamCa  Jowm.fijtr  Prak.  Ghem.y  69 y 
1853, 28.) 

F.  Kbsslbb  :  52.3  (0  =  16). 

Kessler  reached  this  value  by  comparing  the  oxidizing 
action  of  potassic  chromate  with  that  of  potassic  chlorate  on 
arsenious  acid.  Six  experiments  were  made  on  the  oxidiz- 
ing power  of  the  chromate  and  twelve  on  that  of  the  chlorate 
by  a  method  of  titration.  By  combining  the  maximum  of 
one  with  the  minimum  of  the  other  series,  Kessler  finds  the 
atomic  weight  of  chromium  between  25.93  and  26.40 ;  in 
mean  26.15,  K  being  =  39.12  and  CI  =  35.45.  Confirma- 
tory experiments  were*  made  on  the  oxidation  of  ferrous 
chloride  in  the  same  way.  These  gave  a  mean  of  26.1. 
{Poggend.  Annal,  IIS,  1861, 137  ;  96, 1855,  208.) 

M.  SiKWABT :  52.094  (O  =  16). 

Determined  from  the  amount  of  chlorine  in  sublimed 
violet  chromium  chloride.  Siewart  criticises  Kessler's  de- 
termination and  deduces  from  the  latter's  data  a  value  25.02. 
(Kopp's  Jahresberichtj  l^y  1861,  240 ;  Salle,  Zeitsckr.  fur  die 
Gesammi.  Naturwis.,  17,  530.) 

Eessler  points  out  that  the  number  25.02  is  a  misprint  in 
the  JakresbeTichi,  and  that  Siewart's  paper  ascribes  to  him 
the  value  26.02.    {Poggend.  Ann.,  117,  1862,  352.) 
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COBALT. 

The  atomic  heat  of  cobalt  as  determined  by  RegDauIt  is 
6.27  if  the  atomic  weight  is  assumed  at  58.8.  {Omelm" 
Krauif  L  c.) 

E.  RoTHOPP :  68.98  (O  =  16) ;  868,65  (O  =  100). 

269.2  parts  of  cobalt  oxide  converted  into  neutral  cobalt- 
ous  chloride  and  precipitated  with  argentic  nitrate  gave 
1029.9  argentic  chloride,  according  to  Berzelius'  report 
(Poagend.  AnnaL^  8y  1826, 185.)  Berzelius  recalculates  this 
analysis  for  CI  =  221.64  and  Ag  =  1349.66,  and  gets  the 
value  taken.     {Berzelius*  Lehrbuch^  5,  1220.) 

R.  ScHNEiDBR  :  60.006  (0  =  16) ;  375.04  (0  =  100). 

Determined  from  four  analyses  of  the  oxalate.  The  car- 
bon was  determined  as  in  organic  analysis ;  the  metal  by 
heating  a  known  weight  of  the  salt  first  in  a  current  of  air, 
then  in  one  of  oxygen,  and  by  reduction  of  the  oxide  in  hydro- 
gen. The  mean  of  the  four  analyses  gave  cobalt  at  80.003, 
with  an  extreme  difference  of  0.026  for  C  =  6.  The 
oxalate  was  prepared  by  converting  the  chemically  pure 
cobalt  of  commerce  into  roseo-cobaltic  chloride,  from  wnich 
the  metal  was  again  reduced,  then  dissolved  in  chlorhydric 
acid  and  carbonate  precipitated,  which  was  digested  with 
oxalic  acid.    {Poggend.  AnnaL^  lOl^  1857,  898.) 

Marignac  objects  to  this  determination  that  the  oxalate, 
being  insoluble,  may  very  likely  have  retained  portions  of 
the  carbonate  whicn  could  not  be  removed  by  washing. 
{Bibl  Univ.,  Arch,  des  Sciences,  (2,)  i,  1858,  372.) 

Schneider  answers  that  he  obtained  nearly  identical  results 
from  lots  prepared  at  different  times,  and  that  he  believes 
that  he  has  convinced  himself  that  the  oxalate  contained  no 
carbonate.     {Poggend.  AnnaL,  107, 1859,  610.) 

Gibbs,  reporting  Schneider's  determination,  remarks: 
*<  Very  numerous  and  carefully  made  analyses  of  the  ammo- 
nium-cobalt bases,  executed  in  my  laboratory,  indicate  29.5 
fM  the  true  equivalent  of  cobalt."  {Silliman's  Amer.  Joum., 
(2,)  S6,  1858,  438.) 

C.  Mabignac  :  about  59  (O  =  16). 

Five  experiments  were  made  on  the  decomposition  of 
cobalt  sulphate  by  heat.  This  salt  can  be  readily  dried 
without  decomposition,  and  the  acid  is  completely  driven 
off  by  heat,  but  the  resulting  protoxide  contains  a  slight 
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excess  of  oxygen.  In  order  to  remove  this  excess  it  was 
melted  under  a  known  weight  of  an  acid  silicate  of  lead. 
The  results  for  cobalt  varied  from  29.32  to  29.88.  The  sul- 
phate was  purified  bv  recrystallization.  Mari^nac  also  ex- 
perimentea  on  the  chloride.  The  weight  of  this  salt  varies 
greatly  with  the  moisture  of  the  atmosphere  when  crystal- 
hzed,  and  attempts  to  desiccate  it  usually  result  in  the 
formatioQ  of  some  insoluble  compound.  Three  analyses  of 
chloride  appearing  to  contain  one  molecule  of  water,  and 
dried  at  100°,  performed  by  titration  with  silver  solution, 
^ve  cobalt  at  29.42  to  29.51.  Five  experiments  were  made 
in  the  same  way  on  chloride  either  melted  in  a  current  of 
chlorine  or  of  chlorhydric  acid  ^as,  or  calcined  with  ammo- 
nium chloride.  These  determinations  gave  from  29.36  to 
29.42.  {Bibl.  Univ.,  Arch,  des  Sciences,  (2,)  i,  1858,  874.) 
[Marignac,  in  another  investigation  in  the  same  volume, 
takes  Ag  =  108;  01  =  85.5.] 

J.  Dumas  :  59  (O  =  16). 

Determined  by  five  experiments  on  the  titration  of  cobalt 
chloride  with  silver.  The  mean  result  for  cobalt  was  29.542 ; 
extreme  diflTerence  0.09 ;  Ag  =  108 ;  01  =  85.5.  The  chlo- 
ride was  prepared  by  dissolving  pure  cobalt  in  aqua  regia, ' 
evaporating  in  the  presence  of  excess  of  chlorhydric  acid 
and  beating  to  redness  in  a  current  of  chlorhydric  acid  gas. 
In  two  of  the  determinations  cobalt  from  a  difieient  lot, 
which  had  been  heated  in  a  vacuum  was  employed.  {AnnaL 
dt  Chimie  et  de  Physique,  (8,)  65, 1869, 148.) 

W.  J.  Russell  :  58.74  (0  =  16). 

Determined  by  fifteen  experiments  on  the  reduction  of 
cobalt  oxide  in  hydrogen.  The  value  is  the  mean  ;  the  ex- 
treme difference  is  0.19.  To  obtain  pure  cobalt  oxide 
Claadet's  salt  was  prepared,  purified  by  recrvstallization, 
etc.,  reduced  in  hydrogen,  the  metal  dissolved  m  nitric  acid 
and  the  resulting  salt  decomposed  by  heating  in  a  stream 
of  carbon  di-oxide.    {Chem.  ^c.  Joum.,  (2,)  1, 1868,  57.) 

Schneider  considers  that  no  sufiScient  precautions  were 
taken  to  exclude  air  in  these  experiments,  and  that  higher 
oxides  were  formed.    {Poggend.  Annul. ,  ISO,  1867,  810.) 

E.  VON  SOMMABUGA  :   60  (O  =  16). 

Determined  by  seven  experiments  on  the  reduction  of 
pnrporeocobaltic  chloride  in  a  current  of  hydrogen.  The 
o^ean  of  the  experiments  is  29.965 ;  four  of  them  give  a 
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mean  29.996.  The  extreme  difference  is  0.098.  The  salt 
was  prepared  by  solation  of  the  carbonate  in  chlorhydric 
acid,  addition  of  ammonia  in  excess,  exposure  to  the  air, 
washing  of  the  precipitate  with  acidulated,  then  with  pure 
water  and  drying  at  110^.  A  special  examination  showed 
it  free  from  other  metals.  Sommaruga  took  01  =  35.5; 
N  =  14.  {Erdmann's  Joum.  fur  Prak.  Chem.,100, 1867, 118 ; 
Sitz.-Bericht  der  k.  k.  Akad.,  1866.) 

C.  Winkler  :  59  (0  =  16). 

This  value  is  derived  from  the  mean  of  five  experiments 
on  the  precipitation  of  gold  from  a  solution  of  neutral 
crystallized  chloride  of  gold  and  sodium.  The  metallic 
cobalt  employed  was  prepared  by  the  reduction  of  purpureo- 
cobaltic  cnloride.     The  latter  was  made  from  oxide,  and  was 

Surified  by  recrystallization.     Gold  was  assumed  at  196. 
'he  mean  of  the  results  was  29.496 ;  extreme  difference, 
0.071.    {Fresenius'  Zeitschr.fur  Ami  Chem.,  6, 1867,  22.) 

P.  Welbsky  :  58.98  (0  =  16). 

Determined  from  the  analysis  of  cobalti-cyanides,  per- 
formed by  drying  the  salt  at  100^,  and  heating  to  redness, 
first  in  a  current  of  oxygen  then  of  hydrogen.  Four  experi- 
ments with  phenylammonium-cobalti-cyanide  gave  cobi&t  at 
from  29.88  to  29.59.  Two  experiments  with  ammonium- 
cobalti«yanide  gave  from  29.46  to  29.55.  Mean,  29.48; 
extreme  difference,  0.21.  A  single  experiment  by  Winkler's 
method  gave  29.42.  {Berlin^  Bericht  der  Chem.  &«.,  *,  1869, 
692.) 

W.  J.  RussEL :  58.76  (O  =  16). 

Determined  by  the  amount  of  hydrogen  set  free  by  the 
solution  of  cobalt  in  hydrochloric  acid.  The  value  is  the 
mean  of  2  (or  4  ?)  trials.  The  cobalt  employed  was  that 
reduced  by  Russel  in  his  former  experiments  on  the  same 
atomic  weight.    {Chem.  News,  20,  1869,  20.) 

K.  H.  Lee  :  59.10  (O  =  16). 

Determined  by  analysis  of  cobalti-cyanide  salts.  They 
were  decomposed  in  a  crucible  by  heating  from  above.  The 
carbon  separated  was  burned  on  in  air  and  then  in  oxygen, 
and  the  metallic  oxide  reduced  in  hydrogen.  Six  experi- 
ments on  the  strychnine  salt  gave  a  mean  of  59.05.  Six 
experiments  on  the  brucine  salt  gave  59.15.    Six  experi- 
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ments,  made  with  especial  care,  on  the  reduction  of  par- 

Eureo-cobaltic  chloride  by  hydrogen  gave  59.09.     (Reported 
J  Gibbs.    Berlin,  Bench  der  Chem.  Ges.j  4, 1871,  789.) 
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Begnanlt,  Kopp,  and  others  have  determined  the  specific 
heat  of  copper.  It  corresponds  to  an  atomic  heat  of  aboat 
6  if  the  atomic  weight  is  taken  at  63.8.     ( Ghnelin-Krautj  L  c.) 

R.  Chbnbvix:  F.  H.  Wollaston:  64  (O  =  16);  400 
(O  =  100.) 

Chenevix  found  20  parts  of  oxygen  equivalent  to  100  parts 
of  copper,  whence  Wollaston  deduces  the  atomic  weight. 
{PhiL  Trans.,  104, 1814,  21.) 

J.  J.  Bbrzklius  :  6S.296  (0  =  16) ;  895.6  (O  =  100). 

Determined  by  two  experiments  on  the  reduction  of  cupric 
osde  with  hydrogen,  which  gave  895.695  and  895.507.  The 
water  was  not  weighed.  {Poggend.  Annal,  8, 1826, 182 ;  and 
Lehrbuch,  S,  1216.) 

Erdmann  and  Mabohand  :  63.456   (O  =  16) ;  896.6 
(0  =  100.) 

Determined  by  four  experiments  on  the  reduction  of 
large  quantities  of  cupric  oxide  in  a  current  of  hydrogen. 
The  hydrogen  was  displaced  by  air  after  the  completion  of 
the  reduction.  The  weight  of  the  oxide  and  of  the  copper 
were  reduced  to  vacuum,  but  not  that  of  the  weights  em- 
ployed. To  obtain  pure  cupric  oxide,  pure  vitrol  was  pre- 
pared and  electrolytically  decomposed.  The  copper  thus 
obtained  was  dissolved  in  nitric  acid,  and  the  nitrate  decom- 
posed by  heat.  The  value  is  the  mean ;  the  extreme  differ- 
ence is  0.056  for  O  =  8,  or  0.112  for  0  =  16.  {Erdm.  Joum. 
fur  Prak.  Chem.,  SI,  1844,  389.) 

Berzelius  points  out  that  these  analyses  vary  among  them- 
selves much  more  than  his  own.  He  makes  the  difference 
somewhat  greater  than  it  really  is  by  neglecting  the  reduc- 
tion to  vacuum.     {Ibid.,  37, 1846,  72.) 

Hampe  shows  that  these  analyses,  correctly  calculated, 
give  Cu  =  63.46.  {Zeitschr.  fur  Berg  Hiitten-und'Sal'  Wesen 
im  Preus.  St.,  SI,  1873,  261.) 
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J.  Dumas  :  63.5  (O  =  16). 

Dumas  says  that  experiments  on  the  reduction  of  capric 
oxide  and  on  the  sulphidation  of  copper  have  shown  nim 
that  the  atomic  weight  of  copper  lies  between  31.5  and  32, 
near  31.75,  but  that  his  experiments  cannot  be  regarded  as 
decisive.     {Annal  de  Chimie  ei  de  Physique^  (8,)  65 j  1859, 129.) 

MiLLON  and  Commaille:   63.128  (0  =  16);   394.55 
(O  =  100). 

These  (three)  experiments  were  in  most  respects  a  repeti- 
tion of  Erdmann  and  Marchand's.  The  value  is  the  mean; 
the  extreme  difference  is  0.49  for  O  =  100,  or  0,0784  for  O 
=  16.  The  sulphate  was  prepared  free  from  iron  or  zinc 
bv  dissolving  copper  in  ammoniacal  sulphate  or  nitrate. 
The  oxide  was  obtained  by  heating  the  nitrate.  (Paris 
Comptes  Rendus,  56,  1863,  1249;  and  57, 1863,  145.) 
Fresenius  sees  no  reason  for  preferring  this  to  Erdmann 

and  Marchand's  value.     [Fresenius^  Zeitschr.fUr  Anal.  Chem.y 

«,  1863,  474.) 

W.  Hampe  :  63.3296  (O  =  16). 

In  three  experiments  cupric  oxide  was  reduced  in  a  cur- 
rent of  hydrogen  with  all  possible  precautions.  The  hydro- 
gen was  displaced  by  air  before  weighing,  though  it  was 
shown  by  experiment  that  porous  copper  does  not  condense 
hydrogen.  The  metal  was  heated  till  incipient  melting  was 
ODserved.  The  reduction  and  melting  were  repeated  with- 
out altering  the  weight.  Hampe  attempted  to  control  his 
results  by  reconverting  the  metal  into  oxide,  but  was  unable 
to  effect  complete  oxidation.  The  water  produced  by  the 
reduction  was  found  to  be  perfectly  pure.  The  mean  result 
was  Cu  =  31.6696,  maximum,  31.6729,  minimum,  31.6648. 
The  oxide  was  prepared  from  metallic  copper.  To  obtain 
pure  metallic  copper,  sulphate  free  from  bismuth  was  elec- 
trolytically  decomposed,  the  finely  divided  metal  well  washed, 
then  melted,  first  in  a  current  of  carbon  di-oxide,  afterwards 
in  hydrogen,  and  then  again  in  carbon  di-oxide.  From  the 
metal,  basic  nitrate  was  formed  and  from  this  salt,  by  heat- 
ing first  in  air  and  then  in  oxygen,  oxide.  In  two  experi- 
ments the  atomic  weight  of  copper  was  determined  by- 
decomposing  cupric  sulphate  bj^  electrolysis,  and  weighing^ 
the  metal.  The  residual  fluid  was  evaporated,  and  a  minute 
amount  of  copper,  which  had  escaped  decomposition, 
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recovered  and  detepmined  as  sulphide.  For  S  =  16.037  and 
0  =  8,  these  experiments  gave  Cu  =  81.6577  and  81.66. 
The  value  taken  is  the  mean  of  the  two  series.  All  weigh- 
ings were  reduced  to  vacuum.  [Zdtsckr.fiir  Berg  Hutten^ 
undSaLWesen  im  JPreus.  St.,  21, 1878,  260.) 


DIDYMIUM. 


W.  F.  Hillebrand  found  the  specific  heat  of  this  metal 
0.04563,  which  corresponds  to  an  atomic  heat  of  6.60  for 
an  atomic  weight  of  144.78.  [Foggend.  AnnaL,  168, 1876, 78.) 

C.  Marignac  :  I48.8  (O  =  16) ;  930  (O  =  100). 

Determined  by  decomposing  disulphate  with  barium  chlo- 
ride. Assuming  the  lower  oxide  as  a  protroxide,  he  calcu- 
lated the  atomic  weight  at  620.  As  Marignac  was  not 
confident  of  the  purity  of  his  salt,  and  subsequently  became 
certain  that  the  method  was  untrustworthy,  details  are 
unnecessary.     {Lkbig^s  AnnaL,  71,  1849,  313.) 

C.  Marignac  :  143.81  (0  =  16) ;.  898.8  (O  =  100). 

Five  experiments  were  made  on  the  sulphate  by  decom- 
position with  ammonium  oxalate.  The  didymium  oxalate 
was  heated  to  redness,  and  the  resulting  oxide  weighed. 
On  the  assumption  that  the  oxide  was  protoxide,  these 
determinations  gave  a  mean  of  598.2  for  Di,  with  an  ex- 
.  treme  difference  of  2.5.  Three  experiments  were  made  on 
the  chloride,  the  insoluble  oxychloride,  which  is  unavoida- 
ble ID  drying  the  salt,  bein^  separated.  The  chlorine  was 
determined  with  silver,  and  the  Di  as  in  the  previous  experi- 
ments. These  determinations  gave  Di  at  600.2,  with  an 
extreme  difference  of  5.2  for  CI  =  443.2  and  S  =  200.  The 
salts  were  prepared  from  cerite.  The  cerium  was  extracted 
by  treatment  at  first  with  dilute  and  afterwards  with  con- 
centrated nitric  acid.  The  sulphates  of  Di  and  La  were 
separated  by  partial  precipitation  with  oxalic  acid  and  by 
partial  recrystallization.  [Annal.  de  Chimie  et  de  Phys.,  (3,) 
38, 1863, 148.) 

R.  Hermann  :  I42.44  (O  =  16) ;  890M  (0  ±=  100). 

In  one  experiment  sulphate  which  had  been  heated  to  a 
low  red  heat,  was  dissolved,  decomposed  with  ammonium 
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oxalate,  the  precipitate  iucinerated  and  the  oxide  weighed. 
The  result  was  Di  =  594.46,  on  the  prot-oxide  hj^othesis, 
for  S  =  200.  In  one  experiment  the  chloride  was  decom- 
posed with  argentic  nitrate,  oxychloride  bein^  filtered  off 
and  allowed  for,  and  the  argentic  chloride  weighed.  This 
experiment  sfave  Di  =  592.54  for  CI  =  443.2.  For  the  prep- 
aration of  the  salt  see  Lanthanium.  {Erdmann's  Joum.fur 
Prak.  Chem.,  82, 1861,  387.) 

H.  ZscHiESCHE  :  About  144  (0  =  16). 

In  five  experiments  the  sulphate  was  exposed  to  a  white 
heat  until  tne  weight  became  constant  and  the  oxide  on 
being  tested  showed  no  traces  of  sulphur.  The  results 
varied  from  Di  =  46.585  to  48.08,  probably,  Zschiesche 
thinks,  on  account  of  the  presence  of  La.  S  s=16.  Di  was 
separated  from  La  by  the  partial  precipitation  of  the  nitrates 
with  oxalic  acid,  the  first  portion  falling  being  redissolved, 
and  the  partial  precipitation  repeated  twenty  times.  {Erd- 
mannas  Joum.fur  Prak.  Chem.j  107 j  1869,  74. 

C.  Erk  :  14JS.696  (0  =  16). 

The  sulphate  was  decomposed  with  ammonium  oxalate, 
the  oxalate  incinerated  and  the  oxide  weighed.  The  sul- 
phuric acid  was  also  precipitated  as  barium  salt,  and 
weighed.  Three  experiments  gave  a  mean  of  Di  ^  95.13, 
on  the  prot-oxide  hypothesis,  with  an  extreme  difference  of 
0.78.  The  Di  salt  was  found  to  contain  yttrium  which  was 
removed  by  repeated  fractional  precipitation  with  sodium 
sulphate.  This  re-agent  precipitates  a  double  salt  of  Di  and 
sodium.  The  purification  was  continued  until  the  atomic 
weight  became  constant.  {Kopp'sJahresbericht,  1870,  819 
Jena'sche  Zeitschr.fUr  Med.  und  Nat,  ff,  299.)  ' 

Casselraann  thinks  that  the  salt  may  still  have  retained 
yttrium,  and  Presenius  objects  to  the  barium  sulphate 
determination,  on  the  well-known  grounds.  (lYesenius* 
Zeitschry  10,  510.) 

D.  Mbndblejbff  :  138  (O  =  16). 

Prom  the  analogy  between  Di  and  cerium  and  other 
elements,  and  from  the  fact  that  it  forms  two  oxides,  Men- 
delejeff  believes  that  its  lower  oxide  is  a  sesqui-oxide,  and 
its  atomic  weight  138.  Mendelejeff  points  out  that  an 
error  is  to  be  apprehended  in  the  received  values  from  the 
fact  that  we  have  no  guarantee  of  the  pureness  of  Di  salts 
except  recrystallization.  (Liebig's  Annal  Suppl.  8,  1871 
190.)  /-/->•, 
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P.  T.  CI.BVB :  147.01  (0  =  16). 

Detennined  by  the  conversion  of  didjmium  oxide  into  sal- 
pbate.  The  number  is  the  mean  of  six  experiments ;  ex- 
treme difference  0.58.  The  Di  was  separated  from  lantha- 
nium  by  repeated  precipitations  of  basic  nitrate  from  nitric 
acid  Bofution,  conversion  into  formate  and  decomposition  of 
this  salt  by  heat.  (Kapp's  Jahreshericht,  1874,  259.  BvUe- 
to  Soc.  Chmigye,  (2,)  SI,  246.) 

W.  F.  Hillbbband:  144,78  (0  =  16). 

Determined  by  one  experiment  on  the  conversion  of 
metallic  Di  into  nitrate,  and  then,  by  heat,  into  oxide.  The 
imparities  were  determined.  The  metal  was  reduced  elec- 
trolytically  from  the  chloride.  {Poggend.  Annal.^  168^  1876, 
78.) 
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The  physical  and  chemical  analogies  of  the  salts  of  this 
element  have  led  Mendelejeff  {Lkbig^s  AnnaLj  Suppl.  <9, 1871, 
195,)  and  P.  T.  Cleve  (Kopp's  Jahresbericht,  1874,  260;  BuU 
kSn  Soc.  Ckimiguej  (2,)  ^i,  344,)  to  regard  it  as  triatomic, 
and  its  atomic  weight  as  about  170. 

M.  Dblafontainb  :  11S.04  (O  =  16). 

M.  Delafontaine  investigated  ^adolinite  by  Mosander's 
method,  and  obtained  besides  yttrium,  two  substances  which 
.he  re^rded  as  erbium  and  terbium.  From  the  sulphates, 
in  which  be  supposed  the  metals  to  exist  as  protoxides,  he 
determined  erbium  at  496  and  terbium  at  471  for  O  =  100. 
Popp  {Lidrig's  Annaterij  ISlj  189,)  and  Bunsen  and  Bahr 
[Iwij  137^  1,)  have  shown  that  Mosander's  method  eives 
only  mixtures.  Delafontaine's  terbium  is  thought  to  have 
been  chiefly  the  erbium  of  other  chemists.  {Limg*s  An7iul.j 
ISJ^  1865, 108.) 

Babb  and  Bunsbn  :  168.9  (0  =  16). 

A  known  weight  of  erbium  oxide  was  treated  with  a  very 
slightly  excessive  quantity  of  sulphuric  acid ;  the  solution 
evaporated  and  the  excess  of  acid  driven  off  at  as  low  a 
temperature  as  possible.  The  increase  of  weight  indicates 
112.6  for  8  =  32.     The  oxide  was  prepared  from  gadoli- 
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nite.  The  mineral  was  decomposed  with  chlorhydric  acid, 
and  the  earths  precipitated  witn  oxalic  acid.  The  oxalates 
were  converted  into  nitrates,  the  ceriam  metals  separated 
with  potassic  sulphate,  and  calcium  and  magnesium  with 
ammonia.  If  the  nitrates  of  yttrium  and  eroium  are  dis- 
solved In  boiling  water,  basic  erbium  nitrate  with  some 
yttrium  crystallizes  out,  leaving  yttrium  nitrate  with  some 
erbium  in  solution.  The  process  of  partial  crystallization 
was  continued  as  long  as  the  atomic  weight  of  the  erbium 
salt  continued  increasing.  Bahr  and  Bunsen  believe,  how- 
ever, that  the  atomic  weight  may  be  some  hundredths  higher. 
The  salt  was  spectroscopically  free  from  didymium.  {Liebig^s 
Annal,  137,  1866,  2.) 

P.  T.  Cleve  and  0.  M.  Hoeglund  :  170M  (0  =  16). 

Determined  from  four  syntheses  of  the  sulphate,  giving 
113.7  on  the  diatomic  hypothesis.  The  oxide  was  purified 
by  heatingthe  nitrates,  etc.,  according  to  Berlin.  {Blom- 
strand  in  BerlinjBer.  der  Chem.  Ges.,  1878, 1467;  Bidl.  Soc. 
Ckbmque,  1873, 193  and  289.) 


FLUORINE. 


Dumas  and  Peligot  and  others  have  determined  the  vapor- 
density  of  a  number  of  fluorine  compounds.  They  corres- 
pond to  an  atomic  weight  of  about  19.     {L,  Meyer,  I.  c.) 

H.  Davy  :  18.86  (0  =  16). 

Determined  by  the  conversion  of  Derbyshire  spar  into  sul- 
phate. 100  parts  of  spar  gave  a  maximum  of  175.2  parts 
calcic  sulphate.  [If  S  =  32 ;  Ca  =  40 ;  the  value  follows.] 
{PML.  Trans.,  10^,  1814,64.) 

J.  J.  Bbrzblius  :  18.85  (O  =  16). 

Determined  by  conversion  of  calcic  fluoride  into  sulphate. 
100  parts  fluoride  gave,  in  mean  of  three  experiments,  176 
parts  sulphate ;  extreme  difference,  0.2.  [If  8  =  32 ;  Ca 
=  40;  the  value  follow§.]  {Poggend.  AnnaL,  8,  1826,  18, 
and  Lehrbuch,  3, 1196.) 
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P.  LouYBT  :  19  (0  =  16).  • 

Determined  bj  six  experiments  on  the  conversion  of  fluor- 
spar into  calcic  sulphate.  The  mean  result  was  100  parts 
spar  equal  174.36  sulphate,  with  an  extreme  difference  of 
0.3.  Spar  from  Derbyshire  was  pulverized,  digested  with 
chlorhydric  at;id,  and  the  foreign  matter  removed  by  lutra- 
tion  in  water.  It  was  completely  dissolved  in  sulphuric  acid, 
the  excess  of  which  was  driven  off  by  heat  continued 
till  a  constant  weight  was  obtained.  S  =  200 ;  Ca  =  250. 
(ErdmamCs  J(mm.fuT  Prak.  Chem.,  47^  1849, 104 ;  Annal.  de 
Chm.etde,  Fhys.,  (8,)  26, 1849,  291.) 

£.  Fbemy. 

This  chemist  says  that  his  analyses  essentially  confirm 
Berzelius'  determination.  {AnmL  de  Chimie  et  de  Phys,^  (8,) 
i7, 1866,  27.) 

.    J.  Dumas  :  19  (O  =  16). 

Determined  by  the  conversion  of  fluorides  into  sulphates. 
A  single  experiment  on  the  conversion  of  calcic  fluoride 
gave  18.96 ;  two  experiments  on  sodic  fluoride,  19.06 ;  and 
two  on  potassic  fluoride,  18.99.  The  mean  is  19.01;  ex- 
treme difference,  0.12.  Ca  =  20 ;  Na  =  2S ;  K  =  39 ;  S  = 
16.  The  alkaline  salts  were  well  crystallized  and  were  fused 
before  use.    (Annal.  de  Chim.  et  de  Fhys.y  (3,)  65, 170.) 

8.  DB  Lucca  :  18.96  (O  =  16). 

Determined  by  four  experiments  on  the  conversion  of  a 
pure  spar  from  Uerfalco  into  sulphate.  The  extreme  differ- 
ence was  0.15.  The  decomposition  was  very  diflicult.  The 
loss  on  iraition  and  the  residue  left  on  evaporation  of  the 
acid  employed  were  taken  into  consideration.  [S  apparently 
=  16;  Ca  =  20.]    (Paris  Omptes  Bendus,  61, 1860,  299.) 


GALLIUM. 


Berthelot  has  determined  the  specific  heat  of  ^llinm  at 
0.079  corresponding  to  an  atomic  heat  of  6.52,  if  the  atomic 
weight  is  69.9.     (Paris  Comptes  Rend.,  86,  1878,  786.) 
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L.  BE  fioISBAUDRAN  :   69.9  (O  =  16). 

This  chemist  ^^has  prepared  several  chlorides,  [samples 
of  chloride?]  several  bromides,  and  several  anhydroas  iodides 
of  gallium.  He  has  determined  the  atomic  weight  of  gal- 
liam,  and  foand  it  69.9,  (mean  of  two  experiments.)''  {Paris 
Comptes  Bend.,  ,86,  1878,  756.) 


GOLD. 

Dulong  and  Petit  and  Regnault  have  determined  the 
specific  heat  of  gold.  It  corresponds  to  an  atomic  weight  of 
about  200.    {Gmelin-Kraui,  I.  c.) 

J.  J.  Bbrzblius  :  1964  (O  =  16). 

Determined  by  the  amount  of  mercury  necessary  to  pre- 
cipitate a  known  weight  of  gold  from  solution  of  chloride. 
142.9  mercury  were  found  equivalent  to  98.55  gold.     [If 
Hg  =  200,  this  gives  An  =  196.397.]    {Poggend.  AnnaL,  5, 
1826, 178.) 

T.  Thomson  :  200  (0  =  16). 

This  value  is  derived  from  a  somewhat  inaccurate  experi- 
ment on  the  reduction  of  auric  chloride  by  ferrous  sulphate. 
{Edinb.  Trans.  Roy.  Soc,  11, 1881,  26.) 

J.  J.  Bbrzblius  :  196  JS  (O  =  16). 

Determined  by  five  experiments  on  the  relative  amount 
of  gold  and  of  potassic  cnloride  in  the  residue  obtained  by 
heating  the  double  chloride  of  the  two  metals  in  an  atmos- 
phere of  hydrogen.  [Calculated  for  KCl  =  74.594,  (Stas,) 
these  experiments  give  a  maximum  of  196.79,  minimum  of 
196.63  and  a  mean  of  196.727.  The  atomic  weight  derived 
from  the  first  experiment  is  misprinted  in  the  Lehrbuch,  as 
is  the  mean  in  the  Jahresbericht,]  {BerzeUus'  Jahresbericht, 
S5, 1846,  41;  and  Lehrbuch,  S,  1845,  1212.) 

A.  Lbvol  :  196.26  (O  =  16). 

A  known  weight  of  ^old  was  converted  into  chloride,  and 
this  salt  decomposed  m  boiling  solution  by  a  current  of 
pure,  washed  sulphurous  acid.    The  sulphuric  acid  formed 
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was  precipitated  as  bariam  salt,  and  the  atomic  weight  eal- 
calated  by  comparison  of  the  ^oM  employed  and  the  barium 
eolpbate  obtained.  1000  gold  gave  1782  sulphate.  [If  the 
atomic  weight  of  S  =  32.0742,  and  that  of  Ba  =  187.08,  the 
above  value  folio ws.J  {Annal.  de  Ghimie  et  de  Phys.^  (8,)  SOj 
1850, 855.) 


HYDROGEN. 


Tbe  density  of  hydrogen  as  determined  bv  a  great  num- 
ber of  investigators,  especially  Regnault,  ia  aoout  ^  of  that 
of  oxygen.  If  oxygen  is  16,  the  atomic  weight  of  hydrogen 
is  consequently  about  1. 

Tbe  atomic  weights  of  the  elements  are  compared  either 
witb  that  of  oxygen  or  with  that  of  hydrogen.  The  main 
advantage  of  assuming  hydrogen  as  unity  is  the  simplicity 
of  tbe  approximate  values  expressed  in  terms  of  the  atomic 
weigbt  of  this  element.  The  hypothesis  of  Prout  has  also 
bad  much  influence  in  giving  currency  to  this  unit.  The 
advantages  of  oxvgen  as  a  standard  of  comparison  consist 
in  tbe  tact  that  it  combines  with  all  the  elements,  except 
fluorine,  and  in  the  superior  accuracy  of  the  determination 
of  its  specific  gravity.  The  percentage  variation  between 
Regnault's  determinations  of  the  specific  gravity  of  hydrogen 
was  tbirty-six  times  as  great  as  occurred  in  his  experiments 
on  oxygen.  Unnecessary  complication  in  the  approximate 
values  of  the  atomic  weights  is  as  well  avoided  by  assuming 
or^n  at  16  as  by  taking  hydrogen  at  1. 

These  reasons  for  the  adoption  of  the  atomic  weight  of 
oxygen  as  a  standard  of  comparison  appear  to  me  conclu- 
sive, and  accordingly  all  values  in  this  paper  have  been  re- 
duced to  0  =  16. 

P.  H.  WoLLASTON :  1.06  (0  =  16 ) ;  6.64  (O  =  100). 

Qay-Lussac  and  Humboldt  having  shown  that  two  vol- 
umes of  hydrogen  and  one  of  oxygen  form  water,  and  Biot 
andArago  having  determined  the  specific  gravity  of  these 
^ws,  W ollaston  calculated  the  above  atomic  weight.  {Phil. 
JVorw.,  104, 1814,  20.) 

Bebzelius  and  Dulonq  :  0.9984.  (0  =  16) ;  6.24  (O 
=  100). 

Determined  by  three  experiments  on  the  reduction  of 
cupric  oxide  by  hydrogen.    The  hydrogen  was  made  from 
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pare  materials,  and  passed  through  a  solution  of  litharge 
in  potash,  and  over  a  coarse  powder  of  caustic  potash 
before  use.  The  resultant  water  was  caught  in  calcic  chlo- 
ride and  weighed.  The  determination  was  also  coaiirmed 
by  experiments  on  the  specific  gravity  of  oxygen  and 
hydrogen.  The  minimum  result  for  hydrogen  was  0.9984, 
the  maximum  1.0086.  {TTiomson^s  Annals  o/  PhU.j  Sj  1821, 
48.) 

T.  Thomson  :  J  (O  =  16) ;  6.25  (O  =100). 

Thomson  found  the  Sp.  Gr.  of  H  =  0.0694.  Taking  that 
of  0  as  1.1111  on  theoretical  grounds  (the  supposed  com- 
pound nature  of  air,  etc.,)  he  calculates  the  above  value. 
(Mrdmann^s  Joum.  far  JPrak,  Chem.y  <S,  1886,  874 ;  Records 
of  Gen.  Sci.j  R.  D.  Thomson,  1886, 179.) 

J.  Dumas  :  l.OOliS  (O  =  16) ;  6.2575  (0  =  100). 

Determined  by  nineteen  experiments  on  the  reduction  of 
cupric  oxide  with  pure  hydrogen.  The  gas  was  made  from 
pure  materials  and  was  passed  through  solutions  of  plumbic 
nitrate  and  argentic  sulphate,  and  over  potash,  and  dried 
with  cold  sulpnuric  acid  or  with  phosphoric  acid.  The 
weighings  of  the  oxide  and  of  the  reduced  copper  were 
made  in  vacuo.  [T>umas  corrected  the  results  obtained  for 
the  air  containea  in  the  sulphuric  acid,  but  does  not  ex- 
plain how  he  estimated  it,  while  certain  other  possible  cor- 
rections are  not  mentioned.]  The  mean  of  the  corrected 
results  is  12.515.  The  extreme  difierence  is  0.09  for  O  = 
100.  Without  the  correction  for  absorbed  air  the  mean  is 
12.533,  Tor  1.00264];  maximum  12.583;  minimum  12.481. 
{Paris  Comptes  Rend.,  U,  1842,  537.) 

Ebdmann  and  Mabchand:  1.0016  (0  =  16);   6.26 
(O  =  100). 

Determined  by  eight  experiments  on  the  reduction  of 
cupric  oxide  with  hyarogen,  the  number  is  the  mean  of  the 
results.  In  four  of  the  experiments  the  correction  for 
vacuum  was  calculated.  These  ^ave  H  =  12.548 ;  extreme 
difiTerence,  0.067.  In  four  experiments  the  weighings  were 
made  in  vacuo.  These  gave  a  mean  of  12.492,  with  an  ex- 
treme difference  of  0.015.  The  oxide  employed  was  either 
copper  scale  or  was  produced  from  cupric  nitrate.  The 
hydrogen  was  made  from  pure  zinc  and  sulphuric  acid,  and 
was  purified  with  potash  in  solution  and  in  lumps,  mercuric 
chloride,  sulphuric  acid,  and  chloride  of  calcium.    In  the 
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last  five  experiments  the  gas  was  also  passed  over  red-hot 
copper  to  remove  traces  of  oxygen.)  {ErdmanrCa  Joum. 
firPrak.  Chem.,  S6,  1842,  461.) 

J.  S.  Stas  :  1.0025  (O  =  16). 

From  all  ^he  investigations  that  have  been  made  on  the 
specific  gravitv  of  the  gases,  the  composition  of  water,  etc., 
StasisiDclinea  to  believe  that  the  atomic  weight  of  hydrogen 
cannot  be  less  than  above.  Stas  found  that  100  silver  were 
equivalent  to  49.6978  ammonium  chloride.  [If  N  =  14.044, 
and  01  =  35.457,  this  relation  would  give  H  =  1.0074.] 
(Siw,  Untersuch.  uber.  Ghent.  Prop.j  Leipzig^  1867.) 

J.  Thomsen  :  1.0026  (0  =  16). 

Thomsen  made  three  experiments  on  the  oxidation  of  a 
known  volume  of  hydrogen  by  cupric  oxide,  and  five  ex- 
periments on  the  combustion  of  a  known  volume  of  hydro- 
gen in  oxygen,  which  proved  that  2  litres  of  hydrogen  gave 
1'6082  grammes  of  water  under  normal  conditions,  and  at 
latitude  45°.  According  to  Regnault,  1  litre  of  oxygen  and 
2  litres  of  hydrogen  would  weigh  1.6084  grammes.  Hence 
1  volume  oxygen  and  2  volumes  hydrogen  form  water ;  and 
if  H  =  1,  O  =  15.96,  [or  if  0  =  16,  H  =  1.0025.]  {BerUn, 
At.  der  Chem.  Ges.,  5,  1870,  928.) 


INDIUM. 


Bunsen  found  the  specific  heat  of  In  0.565  and  0.574, 
^Wch  correspond  to  an  atomic  weight  of  about  114.  {Pog- 
9^(d.  Amal,  1^1,  28.) 

F.  Rbich  and  T.  Richtbr  :  111.39  (0  =  16). 

In  one  experiment  pure  indium  was  dissolved  in  nitric 
^^ithe  oxide  precipitated  with  ammonia  and  weighed. 
This  experiment  eave  In  =  468.4  for  0  =  100,.  and  on  the 
^^Pposition  that  the  metal  was  di-atomic.  In  a  second  ex- 
periment indium  sulphide  was  dissolved  in  nitric  acid,  and 
tpe  resulting  sulphuric  acid  precipitated  with  barium  chlo- 
J^6-  This  gave  In  =  464.9.  The  number  taken  is  the  mean. 
°  =  200.  The  metal  was  prepared  from  the  oxide.  After 
^ne  removal  of  lead,  etc.,  with  hydrogen  sulphide,  the  oxides 
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of  iron  and  indium  were  precipitated  with  ammonia,  the 
precipitate  dissolved  in  acetic  acid  and  impure  indium  sul- 

{)hide  reprecipitated.  This  operation  was  repeated,  and  the 
ast  traces  of  iron  were  removed  by  partial  precipitation 
with  ammonia.  {Erdmann^s  Joum.  fur  Prak,  CJiem.y  92, 
1864,  484.) 

C.  Winkler  :  107.764,  (O  =  16). 

Determined  by  decomposing  the  nitrate  by  heat,  and 
weighing  the  resulting  oxide.  The  mean  result  of  three 
experiments  was  In  =  35.918  for  0  =  8,  and  assuming 
the  univalence  of  the  metal.  Extreme  difierence,  0.079. 
Metallic  indium  was  prepared  by  solution  of  the  impure 
sulphide  in  chlorhydric  acid,  precipitation  of  indium  by 
barium  carbonate,  solution  in  sulphuric  acid,  and  precipita- 
tion by  ammonia  of  the  oxide  which  was  reduced  by 
hydrogen.  [This  indium  seems  to  have  contained  iron.] 
(ErdmanrCs  Joum.  fur  Prak.  Ghem.^  94, 1865, 1.) 

C.  Winkler  :  113.439  (0  =  16). 

In  two  experiments  the  double  chloride  of  gold  and  so- 
dium was  decomposed  by  pure  indium,  giving  37.73  and 
87.80  for  0  =  8,  and  assuming  univalence  for  the  metal. 
In  two  experiments  the  nitrate  was  decomposed  by  heat, 
giving  In  =  37.845  and  37.879.  In  one  experiment  the 
oxide  was  precipitated  from  nitric  acid  solution  by  ammonia. 
This  experiment  gave  In  =  37.811.  The  number  taken  is 
the  mean.  The  impure  indium  sulphide  was  purified  as  in 
Winkler's  former  determination  with  barium  carbonate,  but 
this  process  requires  to  be  repeated  several  times.  The  re- 
duction of  the  oxide  was  performed  with  sodium,  the  excess 
of  which  was  removed  from  the  regulus  by  cupellation  in 
soda.    {Erdmann'a  Joum.  fur  Prak.  Chem.,  102, 1867,  282.) 

R.  BuNSBN :  113.76  (0  =  16). 

Determined  by  converting  metallic  indium  into  oxide  by 
means  of  nitric  acid  and  heat.  He  seems  to  regard  the  ex- 
periment only  as  confirmatory  of  Winkler's.  The  metal 
was  the  same  which  served  for  the  determination  of  the 
specific  heat,  and  was  carefully  tested  for  all  impurities. 
(Poggend.  Annal.,  I4I,  1870,  28.) 
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IODINE. 

Dumas  determined  the  specific  gravity  of  iodine  vapor. 
It  EDswers  to  an  atomic  weight  of  ahout  127.  {ATmci.  de 
Ckm.  et  de  Phys.,  SS,  1826,  337.) 

L.  J.  Gay-Lussao  :  12S.9  (O  =  16). 

100  parts  of  iodine  were  found  equivalent  to  26.226  parts 
of  zinc.  [K  Zn  =  65,  these  figures  give  the  atomic  weight 
at  123.9.]  {Poggmd.  Annal,  14,  1828,  659 ;  Annal  de 
Chime,  91, 1814,  5.) 

W.  Prout  :  lie  (0  =  16). 

Prout  found  100  parts  of  iodine  equivalent  to  26.8  parts 
of  zinc.  [If  Zn  =  65,  this  gives  I  =  125.97.]  {Thomson's 
Annals  of  Phil,  6, 1816,  328.) 

T.  Thomson  :  lU  (0  =  16) ;  775  (0  =  100). 

Thomson  found  20.5  potassic  iodide  =  19.75  zinc  iodide, 
=  20.75  plumbic  nitrate.  jTf  K  =  89.1,  and  plumbic  nitrate 
=:  331,  the  relation  given  leads  to  an  atomic  weight  of  124.41.] 
Thomson  thinks  that  his  iodine  may  have  been  somewhat 
impure,  as  he  purified  it  only  by  sublimation.  {ThomsorCs 
Suiim  of  Chem.,  7th  ed.,  1, 1881,  81.) 

J.  Dumas  :  1S6.1S  (0  =  16). 

Bomas  determined  the  density  of  iodine  vapor  at  8.716 
for  air  =  1.  [Referred  to  the,  molecular  weight  of  oxtocu, 
this  density  rives  the  above  number  for  the  atomic  weight.] 
Damas  thinks  it  probable  that  it  can  be  more  accurately 
determined  by  analysis.  {Armed,  de  Ohm.  et  de  Phys.,  SS, 
1826,  837.) 

J.  J.  Bbezblius  :  ISSM  (O  =  16) ;  789.14  (O  =  100). 

.  Determined  by  decomposing  a  known  weight  of  argentic 
iodide  in  a  current  of  chlorine,  melting  the  chloride  and 
expelling  free  chlorine  by  atmospheric  air.  The  number  is 
the  mean  of  two  experiments;  difference,  0.01.  Ag  = 
1861.607;  CI  =  442.658.  The  iodide  was  prepared  by  pre- 
^pitation  from  a  solution  of  potassic  iodide  with  argentic 
^Jtrate.  The  first  portion  of  the  precipitate  was  set  aside 
^  possibly  contaminated  with  chlorine.  {Poggend.  Ann., 
^<>  1828,  562.) 


62  ATOMIC  WBieHT  DETERMINATIONS. 

C.  Mabiqnac  :  126.844  (O  =  16). 

In  five  experiments  a  known  weight  of  silver  was  dissolved 
in  nitric  acid  and  precipitated  by  a  known  amount  of  potas- 
sic  iodide  according  to  irelonze's  modification  of  Gay-Lussac's 
method.  The  mean  result  was  100  Ag  =  153.74  EZC  in  air; 
extreme  difierence,  0.14.  Stas  has  recalculated  this  result 
for  Ag  =  107.98,  and  K  =  39.187.  The  atomic  weight  so 
found  is,  in  vacuo,  126.847.  In  three  experiments  a  known 
weight  of  silver  was  dissolved  and  precipitated  as  iodide ; 
mean  result,  100  Ag  =  217.511  iodide.  Extreme  diflerence, 
0.04.  From  these  data  Stas  gets  I  =  126.84.  ^  The  iodine 
was  purified  by  recrystallization  as  potassic  iodate.  The 
methods  employed  by  previous  experimenters  were  ineffec- 
tual. {Berzetius*  Jahresbericht,  S4^  75 ;  Bibl.  Univ.  de  GenivCy 
469 1842,  367;  also,  Stas,  Untersuch.  iiber  Chem.  Prop.,  153.) 

E.  MiLLON  :  W6.07  (0  =  16) ;  787.915  (O  =  100). 

Three  experiments  were  made  on  the  decomposition  of 
potassic  iodate.  ^  The  mean  loss  of  oxygen  was  22.473  per 
cent;  extreme  difference,  0.03.  If  K  =  488.94, this  ffives  I  = 
1580.93.  In  three  experiments  argentic  iodate,  which  had 
been  dried  for  a  long  time  at  200°,  was  employed,  which  lost 
17.0467  per  cent,  oxygen;  extreme  difference,  0.03.  If  Ag 
=  1349.01,  these  data  give  I  =  1570.73.  PBerzelius  cites 
this  as  an  atomic  weight  determination ;  Millon,  however, 
seems  to  have  regarded  it  only  as  a  confirmation  of  Ber- 
zelius'  number.]  Alillon  prepared  pure  iodine  by  passing  a 
current  of  chlorine  through  a  solution  of  XI  till  the  precipi- 
tated I  was  redissolved,  and  reprecipitating  with  an  excess 
of  KI.     {Annal.  de  Chim.  et  de  PAy^.,  (3,)  S,  1843,  407.) 

V.  A.  Jacquelin  :  125.6  (O  =  16) ;  785  (O  =  100). 

Determined  by  the  analysis  of  iodic  acid  with  silver. 
The  acid  was  prepared  by  the  oxidation  of  iodine  with 
nitric  acid  of  sp.  gr.  1.5.  The  purity  of  the  preparation 
does  not  seem  to  have  been  tested.  Ag  =  1351.  {JSrd- 
mannas  Joum.fiir  Prak.  Chem.,  51  j  1850, 458 ;  Annal.  de  Chim. 
et  de  Phys.,  (3,)  SO,  1850,  332.) 

J.  Dumas  :  127  (O  =  16). 

Determined  by  the  conversion  of  argentic  iodide  into 
chloride  in  a  current  of  dry  chlorine.  Two  experiments 
gave  127.04  and  127.01  for  Ag  =  108 ;  CI  ^  85.5.  In  Qme- 
nn-Kraut*s  Handbuch  these  data  are  recalculated  for  Ag  = 
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107.93  and  CI  =  35.457,  giving  I  =  126.941  and  126.928. 
The  argentic  iodide  used  was  prepared  from  zinc  iodide 
which  had  been  prepared  from  iodine  in  large  crystals. 
The  argentic  iodide  was  fused.  {Armal.  de  Ghim.  et  de 
Phys.,  (8,)  66, 1859, 163.) 

J.  8.  Stas  :  126.851. 

Stas  ascertained  the  molecular  weight  of  argentic  iodide 

as  follows : 

In  two  complete  analyses,  a  known  weight  of  argentic 
iodate  was  decomposed  by  heat  in  a  current  of  pure,  dry 
Ditrogen.  The  oxygen  set  free  was  caught  by  hot  copper 
and  weighed,  as  well  as  the  residual  argentic  iodide.  In 
one  experiment  argentic  iodate  was  dissolved  in  ammonia, 
precipitated  bv  sulphuric  acid,  (to  secure  advantageous  divi- 
eioQ  of  the  saft,^  and  reduced  while  in  suspension  by  a  slow 
current  of  sulpnurous  acid.  The  mean  molecular  weight 
reached  was  234.779;  extreme  difference,  0.063.  The  sam- 
ples of  iodate  employed  were  prepared  :  (1.)  From  argentic 
sulphate  and  potassic  iodate,  mixed  boiling,  the  latter  in 
excess,  thorough  washing  and  drying  in  air  freed  from 
organic  particles ;  (2.)  By  the  reaction  of  potassic  iodate  on 
argentic  hyposulphite.  The  purity  of  the  salt  was  carefully 
tested. 

Stas  ascertained  the  composition  of  argentic  iodide  as 
follows: 

(1.)  A  known  weight  of  argentic  nitrate  was  precipitated 
hy  hjdro-iodic  acid  and  the  argentic  iodide  washed,  dried, 
and  weighed  in  the  same  vessel.  (2.)  A  known  weight  of 
Ag  was  dissolved  in  nitric  acid,  converted  into  sulphate, 
dissolved  in  very  dilute  sulphuric  acid,  and  precipitated  with 
hfdro-iodic  acid.  The  precipitate  was  washed  at  tempera- 
tures increasing  up  to  90®.  (3.)  A  known  weight  of  argen- 
tic sulphate  was  allowed  to  react  on  a  known  and  nearly 
equivalent  weight  of  iodine  in  an  aqueous  solution  of  sul- 
phurous and  sulphuric  acids  at  10°,  and  in  the  dark,till  all 
the  iodine  was  taken  up.  The  excess  of  iodine  was  titrated 
with  silviBr  solution,  and  the  iodide  weighed.  This  method 
was  employed  in  two  experiments.  (4)  differed  from  (3) 
mainly  in  the  conversion  of  the  iodine  into  ammonium 
iodide  before  bringing  it  into  contact  with  argentic  sul- 
phate.   Pour  experiments  were  made  by  the  last  method. 

The  mean  composition  of  the  iodide,  as  derived  from  all 
the  experiments,  is  100  Ag  =  117.5343  iodine.  From  these 
data  Stas  calculates  the  atomic  weight  of  I  at  126.857,  and 
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that  of  silver  at  107.928.  [The  sum  of  these  weights  is  not 
the  molecular  weight,  and  this,  as  well  as  recalculation  of 
the  data,  shows  that  the  number  is  a  misprint  for  126.851. 
Stas'  results  are,  therefore,  even  closer  to  Marignac's  than 
his  memoir  would  indicate.] 

Most  of  the  experiments  were  made  with  iodine  prepared 
by  the  decomposition  of  nitric  iodide  decomposed  in  a  large 
volume  of  water  at  66®.  The  iodine  was  further  purified 
by  distillation  over  barium  oxide  and  by  other  means.  For 
the  preparation  of  silver  see  that  metal.  All  possible  pre- 
cautions were  observed  in  the  preparation  of  all  reagents 
and  in  the  conduct  of  the  experiments.  {Stas,  Untersuch. 
iiber  Chem.  Prop.  Leipzigj  1867.) 


IRIDIUM. 


Regnault  determined  the  specific  heat  of  iridium.  It  cor- 
responds  to  an  atomic  weight  of  about  198.  {OmeUn-KraiUf 
L  c.) 

J.  J.  Bbbzelius  :  197.19  (O  =  16). 

Berzelius  determined  this  value  from  analysis  of  potas- 
sium chloro-iridiate.  This  salt  reduced  in  hydrogen  lost  29 
per  cent.,  the  same  quantity  lost  by  the  corresponding  pla- 
tinum salt,  {mde  platinum.)  Berzelius  originally  calculated 
the  atomic  weight  of  the  platinum  metals  both  from  the 
loss  of  chlorine  of  these  double  salts  and  from  the  relation 
between  the  metal  and  the  potassic  chloride  left  after  reduc- 
tion. In  his  Lehrbuch  he  points  out  the  impossibility  of 
complete  desiccation,  and  resorts  exclusively  to  the  latter 
method  of  calculation.  With  respect  to  iridium  he  mereljr 
asserts  that  its  atomic  weight  is  the  same  as  that  of  plati- 
num, without  there,  or  elsewhere,  giving  data  as  to  the 
amounts  of  iridium  and  potassic  chloride  found  in  the 
reduced  salt.  It  is,  therefore,  open  to  question  whether  he 
assumed  the  identitv  from  the  loss  on  reduction  or  not.  [It 
Pt  =  Ir,  and  if  KCl  =  74.694,  the  value  fellows;. see  plati- 
num.] Osmium  and  iridium  were  separated  by  fusion  with 
nitre,  solution,  and  distillation.  The  residue  was  fused  with 
potassic  chloride  and  sodium  carbonate.  On  solution  the 
iridium  remains  behind.  This  residue  was  repeatedly  roasted 
and  reduced  to  drive  off  osmium  compounds.  The  potas- 
sium chloro-iridiate  was  formed  from  the  pure  metal.  {Pog- 
gend.  Ann.,  IS,  1828,  468;  Kongl  Vet.  Acad.  Handl,  1828.) 
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C.  E.  Claus  :  W.  M.  Watts  :  197.6  (0  =  16). 

Watts  recalculated  two  analyses  of  potassium  chloro- 
iridiate  by  Claus  from  the  loss  m  reduction,  and  for  Gl  = 
35.457,  (Stas.)  From  one  analysis  he  finds  K  =  89.87,  and 
It  =  198.66;  from  the  other  K  =  89.98,  and  Ir  =  196.62. 
{Ckem.  News,  19, 1869,  802.) 


IRON. 

Begnault,  Kopp  and  others  have  determined  the  specific 
heat  of  this  metal.  It  corresponds  to  an  atomic  weight  of 
about  56.    {GmeUn-Kraut^  I.  c.) 

L.  J.  Thbnard  :  F.  H.  Wollaston  :  SS.e  (0  =  16) ; 
345  (O  =  100). 

Thenard  determined  the  composition  of  the  oxide  at  22.5 
0  and  77.5  Fe,  whence  Wollaston  calculates  the  value. 
(PAO.  Trans.,  10^,  1814,  21.) 

J.  J.  Bbrzblius  :*  64.97  (O  =  16) ;    839.218   (0  = 
100). 

Determined  by  repeated  experiments  on  the  oxidation  of 
iron,  such  as  is  used  for  piano  wire,  with  nitric  acid.  The 
carbon  was  determined  and  allowed  for.  Berzelius  in  his 
Ifhrbuch  shows  that  the  error  in  this  determination  lay  in 
toe  unsuspected  presence  of  soluble  silica  and  on  reanalysis 
he  found  enough  of  it  to  correct  the  number  when  taken 
into  account.    (Poggmd.  Ann.,  8, 1826, 185.) 

a  Magnus  :  Bj^SS  (0  =  16) ;  SS9.06  (O  =  100). 

Magnus'  experiments  were  made  by  reducing  ferric  oxide 
in  a  current  of  hydrogen  at  about  the  temperature  of  boil- 
ing mercury.  He  regarded  them  simply  as  comfirmatory 
of  Berzelius'  number.    {Poggend.  Ann.,  S,  1825,  84.) 

F.  Stbombybb  :  66.6  (O  =  16). 

Determined  by  reducing  ferric  oxide  at  a  red  heat  by 
hydrogen.  The  oxide  is  reduced  only  with  great  difficulty 
at  a  lower  temperature.  The  mean  of  the  experiments 
gave  the  oxvgen  contents  at  80.15  per  cent.,  [whence  I  have 
calculated  the  value.]  {Poggmd.  Ann.,  6, 1826,  475.) 
5 
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H.  Capitaine:  61.36  (0  =  16) ;  821  (O  =  100). 

Determined  by  the  peroxidation  of  galvanically  reduced 
iron  and  by  meaeuring  the  hydrogen  evolved  on  the  solution 
of  iron  in  sulphuric  acid.  \Annal.  de  Chim.  et  de  Phys.^  (8,) 
«,  1841,  126.) 

r 

H.  Wackenbodeb  :  66.4S  (O  =  16). 

Wackenroder  helped  Stromeyer  in  his  reduction  of  ferric 
oxide,  of  which  he  gives  the  details.  He  also  describes  five 
experiments  of  his  own,  which  gave  the  oxygen  contents  of 
ferric  oxide  at  from  30.01  to  80.88.  He  took  no  precautions 
to  purify  his  hydrogen  and  thinks  that  the  loss  of  oxygen 
may  have  been  apparentlv  reduced.  [80.195  oxygen  cor- 
responds to  the  above  value  for  Fe.]  {BerzeUtis*  Jahresbe-- 
richt,  e4y  1844, 121 ;  Archie,  der  Phami.,  S6, 1844,  22.) 

Svanbeeo  and  Noblin:   66.97   (Ossl6);    849.809 
(O  =  100). 

In  seven  experiments  a  known  weight  of  iron  was  dis- 
solved in  nitric  acid  and  the  salt  decomposed  by  heat  The 
operation  was  performed  in  a  glass  flask.  The  mean  re- 
sult in  vaeuo^  was  849.104;  extreme  difference,  0.808.  In 
sbven  experiments  ferric  oxide  was  reduced  with  purified 
hydrogen.  The  mean  was  Fe  :=  850.514 ;  extreme  differ- 
ence, 0.785.  The  number  taken  is  the  mean  of  all  the  ex- 
periments, ia  vacuo.  Berzelius  in  his  Lehrbuch  cites  the 
experiments  and,  by  neglecting  the  reduction  to  vacuum, 
eets  a  slightlv  different  number.  He  also  expresses  a  pre- 
ference for  tne  experiments  by  reduction:  {JBerzelius*  Jah- 
resbericht,  g4, 1844, 121 ;  and  Poggend.  Ann.y  6Sj  1844,  270.) 

J.  J.  Bbbzblius  :  66.06  {0  =  16);  850.82  (0  =  100). 

Berzelius,  as  a  check  on  the  last  determination,  made  two 
experiments  on  the  oxidation  of  iron  by  nitric  acid  with 
special  precautions  against  partial  reduction.  The  number 
is  the  mean ;  difference,  0.101.  The  iron  was  melted  down 
with  glass  and  magnetic  oxide.  In  his  Lehrbuch  he  adopts 
the  mean  of  these  experiments  and  Svanberg  and  Norlin's 
reduction  determinations.    {Poggend.  Arm.^  6S^  1844,  270.) 

Ebdmakn  and  Mabchand:  66.016  (0  =  16);    350.1 
(0  =  100). 

Erdmann  and  Marchand  made  eight  experiments  on  the 
reduction  of  ferric  oxide  in  a  carefully  purified  current  of 
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hydrogen.  The  weighings  of  the  metal  were  made  in 
vacuo  to  avoid  possible  reoxidation  in  displacing  the  gas  by 
air.  The  num  oer  is  the  mean  of  the  experiments ;  extreme 
difference,  1.4  for  O  =  100.  The  ferric  oxide  was  prepared 
by  incineration  of  the  oxalate,  moistening  the  residue  with 
nitric  acid  and  reheating.  {JErdmann's  Joum.  fur  Prak. 
Ohm,y  SSy  1844, 1.) 

L.  E.  RiTOT :  64.S6  (0  =  16) ;  889.01  (0  =  100). 

Determined  by  two  experiments  on  the  redaction  of  pure 
ferric  oxide  in  a  current  of  hydrogen.  100  parts  of  oxide 
gave  69.31  and  69.35  parts  metallic  iron.  {Annal.  de  Chim. 
ei  de  Phys.,  (8,)  SO,  1860, 188.) 

.     E.  MAUMBNfi :  66.0016  (0  =  16) ;  860.01  (0  =  100). 

MaumenS  made  six  experiments  by  dissolving  iron  wire 
in  aqua  re^a,  precipitating  with  ammonia,  heating  the  pre- 
cipitate to  redness  and  weighing.  The  number  is  the  mean ; 
extreme  difference,  0.84.  Maumen6  had  convinced  himself 
by  analysis  of  the  extreme  purity  of  the  wire.  (Mrdmann's 
Jown.fur  PraL  Chem.,  61, 1850,  860.) 

J.  Dumas  :  66.2  (0  =  16). 

Two  experiments  on  the  precipitation  of  ferric  chloride  by 
argentic  nitrate  gave  each  28.1.  A  single  experiment  by 
the  same  method  on  ferrous  chloride  which  was  slightly 
yellow,  ^ve  28.1.  An  experiment  made  on  ferrous  chlo- 
ride, which  had  been  heated  in  a  current  of  hydrogen  and 
of  HGl  and  was  colorless,  but  contained  metallic  iron,  gave 
when  the  admixture  was  determined,  27.99.  Dumas  takes 
Ag  :=  108 ;  01  ==  86.6,  (Annal  de  Chim.  et  de  Phys.,  (8,)  66, 
1859, 167.) 


LANTHANIUM. 


W.  F.  Hillebrand  has  determined  the  specific  heat  of 
metallic  lanthanium.  '  It  corresponds  to  an  atomic  heat  of 
6.28,  if  the  atomic  weight  is  taken  at  189.  (Poggmd.  Arm., 
i«,  1876,  82.)    ^  V   ^y 

Several  investigations  on  the  atomic  weight  of  lanthanium 
were  made  previous  to  Mosander's  announcement  of  the 
diBcovery  of  didymium.  F.  J.  Otto  found  it  108.j^  shortly 
After  its  discovery,  and  announced  it  in  his  translation  of 
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Oraham's  chemistry.  {Gmelin^s  Handbuch^  5th  ed.,  ly  46.) 
Choubine,  from  analysis  of  the  chloride  and  of  the  sulphate, 
arrived  at  108.45.  lErdmanrCa  Joum.  fUr  Prak.  Ghem.^  96 ^ 
1842,  448.)  Rammelsberg  determined  it  from  the  sulphate, 
which  was  rose-colored,  at  1SS.17.  (Poggend.  Ann.y  66^  1842, 
66.)  B.  Hermann  found  La  =  I44,  from  rose-colored  sul- 
phate.    (ErdrmnrCs  Joum.fUT  Prak.  Chem.y  SOj  1848, 198.) 

C.  G.  MosANDBR :  1S9.S  (0  =  16)  \  870  {0  =  100). 

Mosander  sa^s  that  his  experiments  show  the  true  value 
to  be  in  the  neighborhood  of  680,  (the  metal  being  assumed 
bivalent,)  but  that  his  salts  were  not  pure,  and  the  determi- 
nation of  little  value.    {Poggend.  Ann.^  60, 1848,  801.) 

0.  Marionao  :  141.ie  (0  =  16) ;  88S  (O  =  100), 

Eleven  experiments  were  made  on  the  decomposition  of 
the  sulphate  by  barium  chloride.  The  results  vary  greatly. 
Marignac  wrote  later  {Annal.  de  Chim  et  de  Phya.,  (8,)  38, 
1858, 148)  that  experiment  had  convinced  him  of  the  incor- 
rectness  of  this  determination,  and  that  the  true  value  is 
about  575.    (La  bivalent.)    (LUbig's  Ann.,  71, 1849,  806.) 

M.  Holzmann  :  1S9M  (O  =  16) ;  870.16  (0  =  100). 

In  three  experiments  La  sulphate  was  decomposed  by 
ammonium  oxalate.  In  the  filtrate  from  the  precipitatea 
oxalate  the  sulphuric  acid  was  determined  as  barium  salt. 
The  oxalate  was  decomposed  by  heat,  and  the  lanthanium 
oxide  weighed.  These  experiments  gave  a  mean  of  580 ; 
extreme  difference,  5.6;  for  bivalent  lanthanium.  In  lliree 
experiments  the  iodate  was  decomposed  by  oxalic  acid,  the 
oxide  determined  as  before,  and  the  iodine  titrated  by  Bun- 
sen's  method.  These  experiments  gave  a  mean  of  580.2 ; 
extreme  difference,  5.8.  S  =  200 ;  Ba  =  855.  In  the  prepa- 
ration of  the  salts  analyzed  the  cerium  was  separated  by 
Eeroxidation  with  magnesium  oxide  and  precipitation  as 
asic  sulphate.  After  the  removal  of  yttrium  by  potassic  sul- 
Ehate,  the  lanthanium  and  didymium  salts  were  separated, 
y  making  a  saturated  solution  of  the  sulphates  at  a  temper- 
ature of  three  or  four  degrees,  and  gradually  raising  the 
temperature.  Lanthanium  salt  then  crystallizes  out  nearly 
pure.  The  purification  was  repeated  until  the  salts  were 
not  discolored  when  heated  in  an  open  crucible  over  the 
elass-blower's  lamp.  Bunsen  assistea  at  this  investigation. 
TErdmanrCa  Joum.fUr  Prak.  Chem.,  76, 1858,  843.) 
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C.  CzTJDNOWioz:  I40.S  (O  =  16);  876  (0  =  100). 

Czndnowicz  especially  disclaims  making  this  as  an  atomic 
weight  determination  and  he  adopts  Holzmann's  value. 
The  salt  analysed  was  the  sulphate,  and  the  method  the 
same  as  that  employed  by  Holzmann.  {JSrdmann's  Joum. 
fibr  Prak.  Chem.,  80, 1860,  81.) 

R.  Hermann  :  lS9.Se  (0  =  16) ;  870.75  (0  =  100). 

Hermann  analyzed  the  carbonate  by  decomposing  it  over 
mercury  by  sulphuric  acid,  and  measuring  the  carbon  di- 
oxide liberated.  The  residue  was  heated  to  redness  and 
weighed.  This  experiment  gave  La  =  580.4,  the  metal 
being  assumed  as  bivalent.  The  carbonate  was  prepared 
by  precipitating  the  sulphate  with  sodium  bicarbonate.  In 
three  experiments  the  sulphate  was  decomposed  by  ammo- 
nium oxalate  and  the  oxide,  obtained  by  incinerating  the 
oxalate,  weighed.  These  analyses  gave  La  =  580.7.  In 
one  experiment  the  chloride  was  analysed  with  argentic 
nitrate,  giving  La  =  580.4.  The  number  taken  is  the  mean ; 
extreme  difference  2.8.  In  the  preparation  of  the  salts, 
cerinm  was  separated  as  basic  sulphate,  La  and  didymium 
were  partially  separated  by  crystallization  after  which  a  por- 
tion of  the  nearly  pure  sulphate  was  precipitated  by  ammo- 
nia, and  this  precipitate  digested  with  the  mother  liquor. 
Didymium  sulphate  is  by  this  means  completely  precipitated. 
8  =  200;  01  =  443.2;  0  =  75.  Hermann  remarks  that 
his  former  determination  was  made  with  impure  material. 
(Erdmann's  Joum.  fUr  Prak.  Chem.,  8e,  1861,895.) 

.   H.  ZsoHiBSOHB :  lS6.e7  (0  =  16). 

Determined  by  six  experiments  on  the  sulphate.  The 
water  was  driven  off  at  280^,  and  the  anhydrous  salt  ex- 
posed to  a  white  heat  until  the  weight  became  constant,  and 
on  being  tested,  showed  no  sulphur.  The  mean  result  was 
La  =  45.09;  extreme  difference,  1.15.  In  preparing  the 
salt  from  cerite,  the  cerium  was  peroxidized  with  red  lead 
and  nitric  acid  and  was  precipitated  as  basic  nitrate.  The 
didymium  was  separated  by  partial  precipitation  with 
oxalic  acid  and  concentration,  these  operations  being  re- 

Eeated  as  long  as  the  absorption  lines  of  Di  were  percepti- 
le  in  the  spectroscope.  A  correction  was  made  for  the 
loes  of  weight  of  the  crucible,  and  there  was  no  dust  upon 
its  sides.  S  =  16.  {JEkdmann's  Joum.  fur  Prak.  Chem., 
my  1868, 174 ;  107, 1869,  72.) 


70  ATOMIC   WEIGHT  DETERMINATIONS. 

C.  Erk  :  1S6.S9  (0  =  16). 

Betermined  by  analysis  of  the  sulphate  by  the  method 
employed  by  Holzihaiin.  The  bases  were  separated  by  the 
methods  which  Hermann  used.  Yttriam  was  also  elimi- 
nated. Fresenius  in  his  Zeitschrift,  10,  509,  objects  to  the 
details  of  the  Erk's  manipulation  of  barium  sulphate. 
{Kopp's  Jahresbericht,  1870,  319 ;  Jena  Zeitschr,  far  Med.  und 
Nat,  6,  1870,  299.) 

D.  Mendblbjepp  :  180  (O  =  16). 

As  La  forms  but  one  oxide,  the  salts  of  which  are  not, 
according  to  Marignac,  isomorphous  with  those  of  the 
lower  oxide  of  didymium,  Mendelejeff  concludes  that  it 
belongs  to  the  same  group,  but  that  its  oxide  is  a  binoxide, 
and  its  atomic  weight  180.  {Liebig^s  Arm.  j  Supply  8, 1871, 
190,) 

C.  Marignac  :  1S8.76  (0  =  16). 

By  heating  the  sulphate  till  all  acid  was  expelled,  Marig- 
nac, in  two  experiments,  determined  La  ^bivalent)  at  92.52 
and  92.66 ;  by  precipitation  with  ammonia  and  heating  at 
92.24  and  92.48.  The  sulphate  was  purified  by  a  great  num- 
ber of  partial  recrystallizations,  ana  showed  only  doubtful 
traces  of  didymium  in  the  spectroscope.  S  =  16.  {AnnaL 
de  Chim.  et  de  Fhys.,  (4,)  SO,  1878,  67.) 

P.  T.  Clevb  :  139.15  (0  =  16). 

Determined  by  the  conversion  of  lanthanium  oxide  into 
sulphate.  The  number  is  the  mean ;  extreme  difference 
0.55.  The  oxide  was  purified  from  didymium  by  repeated 
partial  precipitation  from  nitric  acid  solution  with  ammonia, 
basic  didymium  nitrate  ^oing  down.  The  lanthanium 
was  finally  precipitated  with  oxalic  acid.  The  oxide  was 
found  to  be  spectroscopically  pure  by  Thal6n.  {Kopp's  Jah- 
resbericht,  1874,  257 ;  Paris  Bull,  de  la  Soc.  Chim,,  SI,  196, 
246,  344.) 


LEAD. 


Regnault,  Kopp  and  others  have  determined  the  specific 
heat  of  lead.  It  answers  to  an  atomic  weight  of  about  207. 
{OmeUn-Kraut,  L  c.) 
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J.  J.  Be&zelius  and  F.  H.  Wollastoh  :  2074  (0  = 
16);  1296  (0  =  106). 

Berzolias  found  16.5  parts  carbon  di-oxide  eqnal  to  88.5 
lead  oxide,  whence  the  value,  if  0  =  75.4.  [If  C  =  12, 
these  figareB  give  lead  at  266.67.]  Berzelius  also  determined 
the  composition  of  the  oxide  at  7.15  oxygen  and  92.85  lead, 
giving  Pb  =  207.62  or  1297.     {Phil  Trans.,  104, 1814,  26.) 

» 

J.  J.  Bbbzblius:  207.12  (0  =  16);  1294.498  (O  = 
100). 

Determined  by  the  reduction  of  a  known  weight  of  oxide 
of  lead  by  hjdrogen  and  the  weight  of  the  resultant  lead ; 
mean  of  four  nearly  coincident  experiments.  {Poggend. 
Ann.,  8, 1826, 184. 

~  Longchamp  is  credited  in  some  books  with  an  atomic 
weight  determination  of  lead.  He  made  none,  but  only 
specnlated  on  the  composition  of  minium,  taking.Berzelius' 
determination  as  a  basis.  (Annal.  de  Chim.  et  de  Phys.^  S^, 
1827, 105.) 

J.  J.  Bbbzelius  J  207.078  (0  =  16) ;  1294.24£  (O  = 
100). 

This  value  is  the  mean  of  six  experiments  on  the  reduc^ 
tion  of  the  oxide  in  a  current  of  hydrogen.  The  oxide  was 
produced  by  the  decomposition  of  the  nitrate  by  heat.  As 
this  compound  reacts  upon  Ft,  the  crucible  was  lined  out 
with  a  coating  of  a  very  basic  nitrate,  which  prevented  the 
Inmps  of  neutral  salt  from  coming  in  contact  with*  the  cruci- 
ble. The  glass  in  which  the  oxide  was  reduced  was  not 
attacked.  [The  third  analysis  is  miscalculated.  It  should 
show  an  atomic  weight  of  1295.595.  The  mean  is,  there- 
fore, as  above,  and  the  extreme  difference  2.421.]  {Poggend. 
Am.,  19, 1830,  814.) 

J.  J.  Bbbzblius:  207.U  (0  =  16);  1294.645  (0  = 
100). 

In  his  Lehrbuch,  Berzelius  selects  five  analyses  made  by 
the  above  method,  three  of  them  the  same.  These  ^ve  the 
^bove  mean,  with  an  extreme  difference  of  0.704  for  O  = 
WO.   (Lehrbuch,  S,  1219.) 

E.  TuBNBB :  207.S  (0  =  16). 

Determined  by  experiments  on  the  conversion  of  metallic 
iead  and  of  oxide  of  lead  into  the  sulphate  by  solution  in 


* ' 
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nitric  acid  and  evaporation  with  sulphuric  acid.  In  three 
experiments,  Turner  found  100  lead  =  146.401  sulphate ; 
extreme  difference  0.055.  Berzelius  had  found  100  Pb  =r 
146.419  sulphate ;  extreme  difference  0.078.  Turner  takes 
the  mean  of  his  own  and  Berzelius'  determinations,  146.41. 
In  one  experiment  Turner  found  100  oxide  =  185.92  sul- 
phate. Combination  of  these  results  gives  Pb  =  103.6  [or 
more  accurately  103.65.]  The  oxide  was  prepared  from 
subnitrate.  The  lead  was  prepared  from  plumbic  acetate 
which  was  converted  into  carbonate,  then  into  nitrate,  in 
which  form  it  was  recrjstallized,  then  again  into  carbonate, 
and  reduced  by  black  flux.  On  testing,  it  was  found  per- 
fectly pure.  Weighings  reduced  to  vacuum.  {PhU.  Trails.^ 
leS,  1838,  524.) 

0.  Mariqnao  :  207.04  (0  =  16). 

Marignac  made  four  experiments  on  plumbic  chloride  by 
Pelouze's  modification  of  the  silver  titration  method.  He 
found  Pb  =  103.57-.49-.56-.46.  The  number  taken  is  the 
mean.  The  salt  was  titrated  cold,  argentic  chloride  being- 
soluble  in  hot  solutions  of  plumbic  nitrate.  The  plumbic 
chloride  was  purified  by  recrystallization,  and,  after  being- 
pulverized,  was  dried  at  about  200^.  According  to  Marig- 
nac there  is  no  difliculty  in  desiccating  it  completely  at  this 
temperature.  Ag  =5 108 ;  CI  =  35.5.  Marignac  found  it 
impossible  to  convert  the  chloride  into  the  sulphate  com- 
pletely.   {Bibl.  Univ.,  Arch,  des  Sciences,  (2,)  -?,  1858,  228.) 

J.  Dumas  :  207.1  (O  =  16). 

From  a  single  experiment  on  the  precipitation  of  the 
chloride  with  argentic  nitrate.  The  chloride  used  was 
heated  for  twelve  hours  in  a  current  of  dry  HCl,  and  the 
amount  of  water  retained  determined.    Dumas  found  it  im- 

Sossible  entirely  to  desiccate  the  salt  without  decomposition  ^ 
rying  at  250^  does  not  desiccate  it.     CI  =  35.5 ;  Ag  =  108. 
{Annal.  de  Chim.  et  de  Phys.,  (3,)  66, 1869, 129.) 

J.  S.  Stas  :  206.926  (O  =  16). 

According  to  the  mean  of  10  syntheses  of  plumbic  nitrate, 
100  lead  =  169.9703  nitrate;  extreme  difference,  0.023.  If 
1^  =  14.044,  this  relation  gives  Pb  =  206.918.  Stas  also 
made  six  syntheses  of  the  sulphate,  which  gave  in  mean 
100  Pb  =  146.4276  sulphate ;  extreme  difference,  0.024.  If 
8  =  32.0742,  this  relation  gives  Pb  =  206.934.  The  synthesea 
were  made  in  the  same  way  as  in  the  determination  of  the 
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atomic  weight  of  silver.  The  drying  of  the  nitrate  could 
be  accomplished  only  in  vacuo  and  at  about  155^.  The 
weighings  are  for  vacuum.  The  lead  used  was  prepared 
from  commercial  acetate  by  precipitation  with  metallic  lead, 
of  copper,  etc.,  conversion  into  sulphate,  tKen  into  carbo- 
nate and  redaction  by  potassic  cyanide  or  black  flux.  {Stas^ 
ITnUrmk  iiber  Chem.  Prop.  Leipzig,  1867,  824.) 


LITHIUM. 


Begnavlt  has  determined  the  specific  heat  of  lithium.  It 
corresponds  to  an  atomic  weight  of  about  7.  {QmeUri' 
Kraui^  I  cA 

The  earliest  determinations  of  this  constant  seem  to 
have  been  made  with  a  double  salt  of  lithium  and  potassium, 
at  all  events  with  a  very  impure  material.  According  to 
Arfvedson,  420.4  lithium  chloride  give  1322.4  argentic 
chloride,  whence  he  deduces  as  the  atomic  weight  the  num- 
ber 127.757  [or  10.22.]  {Pogaend.  Ann.,  8, 1826,  189.)  L. 
N.  Yauquelin  found  430  lithium  sulphate  equivalent  to 
875  barium  sulphate.  [If  S  =  32 ;  Ba  =  137.08,  this  rela- 
tion gives  Li  =  9.27.]  Vauquelin  does  not  describe  the 
preparation  of  his  salt.  {Anruu.  de  Chem.  et  de  Phys.j  7, 1818, 
287.)  C.  G.  Gmelin  found  Li  =  191.21  [or  7.65J  (Poggend. 
Arm., IB,  480 ;  OUberes  Ann.,  62, 1819,  399.)  Kjralovanszky 
by  two  analyses  of  the-  sulphate  with  barium  chloride  got 
Li  at  from  10.096  to  10.168  {Liebi^s  Ann.,  m,  94; 
Schweigger's  Joum.,  64,  1828,  231.)  Thomson  and  Stro- 
meyer  also  each  got  similar  values.  ( Thomson* s  Sgstem  of 
Om.,  7th  ed.,  1, 1831,  420.) 

R  Hermann  :  6.086  (O  =  16) ;  88.03  (O  =  100). 

Experiments  were  made  on  the  carbonate  by  decomposing 
it  with  acid  over  mercury,  and  measuring  the  resultant 
di-oxide.  For  C  =  75.33,  these  determinations  give  Li  = 
38.  Several  experiments  were  also  made  byancSyzing  the 
sulphate  with  barium  chloride.  For  S  =  201.06  and  Ba  = 
856.88,  these  give  Li  =  38.05.  Hermann  precipitated 
lithiam  carbonate  with  ammonium  carbonate,  and  subse- 
quently converted  it  into  sulphate.  The  chloride  was  pre- 
pared from  the  phosphate  by  Berzelius'  method.  {Poggend. 
Ann.,  IB,  1829,  480.) 
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J.  J.  Bebzblitts  :  6.BSS  (O  =  16) ;  40.88  (O  =  100). 

Berzelius  found  that  1.874  lithium  sulphate  mve  3.9985 
barium  sulphate,  and  calculated  this  relation  for  b  :=  200.75 ; 
Ba  =  855.29.  He  also  found  4.4545  melted  carbonate  = 
6.658  sulphate,  but  rejected  the  analysis.  {Lehrbwlij  S^  1229, 
and  Jakresberieht,  10, 1830,  96.) 

R.  Haobh  :  6.67  (O  =  16). 

Hflgen  precipitated  lithium  sulphate  with  barium  chlo- 
ride, and  found  that  0.852  dry  lithium  sulphate  gave  1.8195 
barium  sulphate  whence  he  calculates  Li  =  6.493.  [If 
Ba  =  137.08 ;  S  =  32 ;  this  relation  gives  Li  =  6.57.] 
{Poggend.  Ann.,  48, 1839,  363.) 

J.  W.  Mallbt:  6.95  (O  =  16) ;  86.89  (0  =  100). 

In  two  experiments  a  known  weight  of  lithium  chloride 
was  precipitated  by  argentic  nitrate,  and  the  argentic  chlo- 
ride weighed.  In  one  experiment  lithium  chloride  was 
titrated  with  argentic  nitrate  by  Pelouze's  method.  The 
number  is  the  mean ;  the  extreme  difference  is  0.18  for  O 
=  100.  Mallet  takes  Ag  =  1349.66 ;  CI  =  443.28.  The 
alkalis  were  separated  from  the  lithium  salt  by  repeated 
treatment  with  ether  and  alcohol.  The  salt  was  examined 
for  impurities,  and  was  fused  with  a  little  ammonium  chlo- 
ride to  prevent  the  formation  of  oxy-chloride.  {SUUman's 
Amer.  Jowm.,  (2,) «?,  1856,  349.) 

L.  Tboost  :  6.5  (0  =  16). 

Troost  found  this  number  from  analysis  of  the  carbonate 
which  had  been  crystallized  from  water  containing  carbon 
di-oxide  and  dried  at  200^,  but  does  not  regard  it  as  defini- 
tive.   {Annal.  de  Ghim.  et  de  Phys.,  (3,)  61, 1857,  111.) 

J.  W.  Mallbt  :  7  (O  =  16). 

Troost  havine  objected  to  Mallet's  former  method  of 
determination,  ne  redetermined  it  by  precipitating  the 
sulphate  with  a  standard  solution  of  barium  chloride, 
the  precipitating  power  of  which  had  been  tested  on  the 
sulphates  of  magnesium  and  sodium.  This  method  was 
adopted  to  avoid  the  well-known  imperfections  of  the  sul- 
phur determination.  Compared  with  sodium  sulphate  the 
atomic  weight  of  Li  was  found  =  6.92  and  6.95.  Compared 
with  magnesium  sulphate  it  was  found  s=  7.07  and  7.09. 
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Mg  =  24;  Na  =  23.  The  sulphate  was  prepared  from  car- 
bonate, and  dried  somewhat  below  a  red  heat.  {SUUman's 
Amer.  Joum.,  (2,)  es,  1869,  849.) 

K.  DiBHL :  7.026  (0  =  16). 

Determined  by  analysis  of  lithium  carbonate  with  Bun- 
sen's  apparatus  and  in  his  laboratory.  Four  experiments ; 
extreme  difference,  0.024.  C  =  12.  The  salt  was  purified 
from  alkalis  by  precipitation  as  carbonate,  resolution  in  acid 
and  reprecipitation,  repeated  until  the  sodium  line  was  no 
longer  visible.  Diehl  found  that  precipitation  of  the  sul- 
phate with  barium  chloride  gave  a  nearly  constant  error  on 
account  of  the  retention  of  lithium  in  the  precipitate,  and 
led  to  nearly  the  same  results  as  Berzelius  got.  {Lielrig's 
Am.,  mi,  1862,  98.) 

L.  Troost  :  7  (0  =  16). 

Troost  found  1.809  grammes  lithium  chloride  =:  4.42 
argentic  chloride,  and  2.76  lithium  chloride  =s  9.8  argentic 
chloride.  From  these  analyses  he  deduces  the  values  7.08 
and  6.99.  By  decomposing  the  carbonate,  dried  at  100^, 
with  silicic  acid,  he  found  0.97  carbonate  =  0.577  carbon 
di-ozide  and  1.782  carbonate  :=  1.059  di-oxide,  and  infers 
for  Li  7  and  7.02.  In  one  experiment  the  carbonate  was 
converted  into  sulphate.  1.217  carbonate  gave  1.808  sul- 
phate. Troost  calculates  Li  =  7.06.  [If  01  =  85.467 ;  Ag 
=  107.93;  C=sl2;  8  =  32;  these  determinations  give,  in 
the  same  order  as  above,  7.01;  6.94;  6.98;  7.02;  7.07.] 
The  carbonate  was  purified  by  solution  in  water  containing 
<^rbon  di-oxide,  and  reprecipitation  by  boiling,  the  opera- 
tion being  repeafilBd  until  the  salt  was  spectroscopically  pure, 
(ftrw  Comptts  Bend.,  64, 1862,  866.) 

J.  8.  Stas  :  7.022  (0  =  16). 

According  to  the  mean  of  three  determinations,  100  parts 
<)f  silver  =s  89.868  lithium  chloride ;  extreme  difference, 
0.005.  If  Ag  =  107.93;  01  =  86.457;  this  ratio  gives  Li 
^7.022.  This  value  is  confirmed  by  experiments  on  the 
conversion  of  the  chloride  into  the  nitrate,  the  results  of 
which  give  Li  =  7.018.  The  comparison  with  silver  was 
^ftde  according  to  Pelouze's  modification  of  the  silver  titra- 
^on  method.  The  chloride  was  purified  from  alkalis,  after 
preliminary  treatment  with  ether  and  alcohol,  by  pouring 
tbe  dissolved  salt  into  a  boiling  solution  of  ammonium  car- 


76  ATOMIC  WEIQHT  DETERMINATIONS. 

boDate  containing  ammonia  in  excess.  All  weighings  re- 
duced to  vacaum.  {Stas^  Untersuch.  Uber  Ghem.  JVop., 
Leipzig,  1867.) 


MAGNESIUM. 

Begnanlt  and  Kopp  have  each  determined  the  specific 
heat  of  this  metal.    It  answers  to  an  atomic  weight  of 

about  24.    {QmeUn-Krauiy  L  c.) 

• 

J.  J.  Bbrzblius  :  iS6.S  (0  =  16) ;  158.189  (0  =  100). 

Determined  by  dissolving  magnesium  oxide  in  dilute  sul- 
phuric acid,  evaporating  and  heating  to  incipient  redness. 
100  oxide  were  found  =  293.985  sulphate.  The  sulphate 
was  perfectly  soluble  in  water  and  had  therefore  lost  none 
of  its  acid.  The  oxide  was  purified  by  solution  in  an 
aqueous  solution  of  carbon  di-oxide  and  reprecipitated  by 
boiling.  S  =  200.75.  {Poggend.  Ann.,  8,  1826,  188 ;  and 
Lehrbuch,  5,  1227.) 

Marchand  and  Scheerer  recalculated  this  analysis  for  S  = 
200  and  reached  the  value  157.74.  They  assert  that  the 
oxide  may  have  contained  alkalis  and  that  the  sulphuric 
acid  carries  off  magnesium  sulphate  in  volatilizing.  {JSrd- 
mann^s  Joum.  fUr  Prak.  Chem.,60, 1850,  892.) 

W.  Hbnby  :  F.  H.  Wollaston  :  SS.S6  (0  =  16);  146 
(O  =  100). 

Henry  found  that  magnesium  sulphate  contained  88  per 
cent,  magnesium  oxide.  If  S  =  200  the  value  follows. 
(PAi7.  Trans.,  104, 1814,  21.) 

—  LoNOCHAMP :  16.36  (O  =  16). 

In  two  experiments,  Longcharap  found  that  five  parts  of 
crystallized  magnesium  sulphate  are  equivalent  to  4.91 
barium  sulphate.  [If  Ba  =  187.08 ;  S  =  82,  the  number 
follows.]  liongchamp  found  53  per  cent,  water  which  is 
much  too  high.  According  to  Marchand  and  Scheerer,  the 
data  for  the  anhydrous  salt  give  Mg  =  97.87,  for  8  =  200 ; 
Ba  =  856.8,  [or  16.74.]  {Annal.  de  Ckim.  et  de  Phya.,  IS, 
1819, 265.) 

L.  J.  Qay-Lussao  :  SS.eiS  (O  =  16). 

16.205  grammes  crystallized  sulphate  were  found  equal 
to  15.845  barium  sulphate,  and  19.895  magnesium  sulphate 
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to  18.8455  barium  sulphate.  Calculating  from  the  anhy- 
droQS  salt  Gay-Lussac  found  from  these  experiments  re- 
spectively M^  =147.28  and  Mg  =  148.09  for  Ba  =  856.8 } 
8  =  200.  The  salt  was  found  to  contain  51.48  water. 
[Calculated  from  the  anhydrous  salt  these  data  give  Mg 
=:  28.55  and  28.68.  Calculated  from  the  hydrous  salt  (7 
molecules  water)  the  numbers  give  24.14  and  24.41,  if  8  = 
82;  Ba  =  187.08.]  Gay-Lussac  remarks  that  the  sulphate 
18  partially  decomposed  at  a  red  heat.  (Anncd.  de  Ohim.  et 
de  Pkys.,  IS,  1820,  808.) 

'  T.  ScHBBBBB :  U'ie  (O  =  16) ;  150.97  (O  =  100). 

Mean  of  six  experiments  on  the  precipitation  of  the  sul- 
phate with  barium  chloride.  Extreme  aifference,  0.79.  8 
=  200.75;  Ba  =  855.29.  After  weighing,  the  barium  sul- 
phate was  treated  with  dilute  HCl  and  the  chloride  thus 
extracted  allowed  for.     {Poggend.  Ann.,  69,  1846,  585.) 

T.  SoHBBEBE :  ej^ei  (O  =  16);  151.88  (0  =  100). 

Barium  sulphate  formed  as  in  the  last  determination  was 
fused  with  soda,  the  barium  carbonate  dissolved  in  HCl,  and 
reprecipitated  as  sulphate.  In  the  filtrate  additional  mag- 
nesia was  found.  If  the  error  in  the  former  determination 
was  the  same,  its  corrected  value  would  be  as  above. 
(%jemi.  Ann.,  70, 1847,  407.) 

SVANBBEG  and  NOBDBNFBLDT  :  Sji^7S  (0  =  16) ; 

154.504  (0  =  100). 

Four  experiments  were  made  on  the  calcination  of  the 
oxalate,  and  three  on  the  conversion  of  the  magnesia  so 
obtained  into  sulphate.  The  oxalate  was  dried  at  from 
100°  to  105°  and  heated  to  redness  until  the  weight  was 
constant.  The  oxid^  was  dissolved  in  sulphuric  acid,  evapo- 
rated and  the  excess  driven  off  by  heat.  The  oxalate  was 
prepared  from  the  sulphate  by  precipitation  with  sodium 
wbonate  and  digestion  with  oxalic  acid.  The  number  is 
^be  mean  of  all  experiments;  extreme  difference,  0.514. 
8  =  200.75;  C=  75.12;  H  =  12.48.  [Erdmann'a  Journ. 
firPrak.  Ckem.,4S,  1848,  478.) 

According  to  Marchand  and  Scheerer,  the  data  give  Mg 
=5164.27  for  8  =  200;  H  =  12.5;  C  =  75. 

AfABckAND  and  Scheerer:   iS4^0S  (0=16);  150.19 
(O  =  100). 

Eleven  experiments  were  made  in  calcining  massive  mag- 
oesiam  carbonate  from  Frankenstein,  and  weighing  the 
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caustic  magnesia  formed.  The  carbonate  was  dried  at 
800^9  and  the  carbon  di-oxide,  which  passes  off  above  280^, 
was  caught  by  caustic  baryta  solution  and  determined.  The 
traces  of  carbon  di-oxide  not  expelled  by  a  yellow  heat 
were  set  free  by  solution  in  chlornydric  acid  and  also  de- 
termined as  barium  carbonate.  The  silicic  acid,  etc.,  were 
also  determined.  The  mean  in  air  is  150.84 ;  in  vacuo  as 
above.  Extreme  difference,  0.57.  0  =  75.  Eleven  other 
experiments  were  made  with  comparatively  impure  material 
and  less  precaution,  tendinp^  to  confirm  the  above.  [JSrd- 
mannas  Joum.  fUr  Prak.  Chem.^  60, 1850,  409.) 

T.  SoHEEBER :  24  (0  =r  16) ;  150  (0  =  100). 

B^  separating  the  neutral  sulphates  of  magnesium  and 
calcium  by  means  of  alcohol,  Scheerer  found  that  the  mag- 
nesites  used  by  Marchand  and  himself  contained  from  one- 
fourth  to  one-half  per  cent,  calcium  oxide.  This  correction 
would  make  their  determination  almost  exactly  250  or  24. 
{Liebig'8  Ann.,  110,1858,  286.) 

V.  A.  Jacquelin:  S4.4O8  (0  =  16);   152.55  (0  = 
100). 

Anhydrous,  neutral  magnesium  sulphate,  obtained  by 
solution  of  the  oxide  in  sulphuric  acid  and  heating  to  red- 
ness, gave  88.56  per  cent,  pure  oxide.  The  method  adopted 
is  not  described.  This  oxide  by  treatment  with  sulphuric 
acid  gave  the  original  amount  of  sulphate.  If  S  =  200, 
the  number  follows.  {AnnaL  de  Chim.  et  de  Phys.,  (8,)  SS, 
1851, 196.) 

A.  Macdonnell  :  28.9  (0  =1Q). 

Determined  from  analyses  of  anhydrous  and  of  crystal- 
tized  magnesium  sulphate.  {Brit.  Assoc.  Hep.,  1852,  part 
2,  86 ;  and  Kopp's  Jafiresbericht,  6,  864.) 

J.  F.  Bahr  :  $4^77  (0  =  16) ;  154.842  (0  =  100). 

A  known  weight  of  purified  magnesium  oxide  was  dis- 
solved in  sulphuric  acid,  evaporated  and  heated  to  redness 
till  the  weight  was  constant.  The  number  is  the  mean  of 
three  experiments;  extreme  difference,  0.515.  The  oxide 
was  obtained  from  meteoric  olivin.  After  removal  of  the 
heavy  metals,  the  solution  was  evaporated  to  dryness  with 
soda,  washed  and  heated  to  redness.  The  oxide  so  obtained 
was  dissolved  in  acetic  acid,  oxalic  acid  was  added,  the 
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solution  evaporated  nearlj  to  dryness,  and  the  oxalate 
thoroughly  washed.  Bahr  says  that  the  presence  of  alkalis 
could  not  be  suspected.  S  =  200.  {EraniamCs  Joum.  far 
Prak.  Chm.j  66j  1852, 810 ;  (Efversigt  af  Akad.  Fosrh.,  1851, 
303.) 

Scheerer  says  that  oxide  so  prepared  retains  carbonic 
acid,  that  sulphate  is  carried  off  in  beating  the  sulphate  to 
redness,  and  that  the  presence  of  alkalis  is  to  be  suspected. 
[ErdmamCs  J<mm.fUT  Prak.  Chem.y  66,  1852,  489.) 

J.  Dumas  :  24.6  (O  =16). 

Dumas  made  eleven  experiments  on  the  titration  of  mag- 
nesium chloride  with  argentic  nitrate.  He  found  great 
difficulty  in  prepariup^  pure  chloride,  and  does  not  feel  con- 
fident of  his  results.  The  number  is  the  mean ;  extreme 
difference,  0.28.  Ag  =  108;  01  =  85.5.  The  chloride 
was  prepared  from  various  salts,  but  was  in  all  cases  finally 
heated  in  an  atmosphere  of  HCl.  Dumas  points  out, 
however,  that  this  process  does  not  remove  oxide  if  present. 
[AimaL  de  Chim.  et  de  Phys.,  (8,)  55, 1859, 129.) 


MANGANESE. 


Regnault  has  determined  the  specific  heat  of  manganese. 
It  corresponds  to  an  atomic  weight  of  about  55.  {Ghrulin- 
hrauty  l.  c.) 

J.  J.  Bbrzbuus  :  66.9S   (O  =  16) ;   855.787   (0  = 
100). 

By  dissolving  manganese  in  nitric  acid,  evaporating  and 
heating  to  a  low  red,  Berzelius  found  100  Mn  =  142.16 
oxide.  It  was  not  known  at  the  time  that  the  oxide  might 
be  partially  reduced  by  this  process.  (Poggend.  Ann.,  5, 
1826, 185;  and  Jahresbericht,  S,  186.) 

J.  A.  Arpvbdson:   66M  (0  =  16);   851.56   (0  = 
100). 

From  1.508  chloride  Arfvedson  obtained  8.408  argentic 
chloride.  If  Ag  =  1851.607 ;  01  =  221.325 ;  the  number 
follows.  [Berzuius?  Jahresbericht,  9,  1829,  186 ;  Afhandl.  i. 
Fysik.,  6, 236.) 
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E.  TuRNBE :  64^9  (0  =  16). 

Turner  analyzed  the  carbonate  in  an  apparatus  similar  to 
Bunsen's.  He  found  34.72  per  cent,  carbon  di-oxide  and 
8.427  water.  For  0  =  6,  he  calculates  Mn  s=  28.024.  By 
dissolving  the  protoxide  in  sulphuric  acid,  evaporating  and 
heating  to  redness,  he  found  9  oxide  =s  19.01  sulphate.  If 
S  =  16,  this  gives  Mn  =  27.96.  A  second  experiment  gave 
27.98.  From  12.47  Mn  chloride  he  obtained  28.42  argentic 
chloride.  [If  CI  =  85.5,  Ag  =  108 ;  this  gives  Mn  =  54.9.] 
The  carbonate  was  obtained  by  precipitation  with  potassium 
carbonate.  The  protoxide  was  obtained  by  reduction  of 
higher  oxides  in  hydrogen.  The  chloride  was  melted  in  a 
current  of  HOI  gas.    pMnb.  Trans.,  11, 1881, 148.) 

J.  J.  Berzblius  :  66.S4.  (0  =  16) ;  845.9  (0  =  100). 

Berzelius  repeated  Turner's  experiments,  taking  larger 
quantities.  From  the  chloride  he  got  from  845.84  to  .96 ; 
from  the  sulphate  from  846.08  to  .29.  Ag  =  1851.607;  CI 
=  221.825;  B  =  201.165.  {Berzelius'  Jahresbericht,  9,  1880, 
186.) 

J.  J.  Berzblius:  66.U  (0  =  16);  844.684  (0  =  100). 

In  his  Lehrbuch  he  apparently  takes  the  analyses  of  the 
chloride  above  cited,  recalculated  for  CI  ==  221.64 ;  Ag  &= 
1849.66.    {Lehrbuch,  S,  1224.) 

R.  Brandbs  :  67.06  (O  =  16) ;  856.602  (0  =  100). 

Determined  by  analysis  of  crystallized  chloride.  The 
chlorine  was  determined  by  precipitation  with  silver.  The 
Mn  was  precipitated  as  carbonate,  and  converted  into  oxide 
by  heat.  The  water  was  determined  by  difference,  and  the 
composition  of  the  oxide  was  assumea  to  be  as  given  by 
Berzelius,  (!)  whose  values  for  Ag  and  CI  were  also  taken. 
{Poggend.  Ann.,  SS,  1881,  256.) 

K  VON  Haubr  :  54.98  (0  =  16) ;  848.682  (O  =  100). 

Determined  by  nine  experiments  on  the  reduction  of  the 
sulphate  to  sulphide  by  heating  the  salt  in  a  current  of 
hydrogen  sulphide.  The  reduction  was  performed  in  a 
porcelain  tube  enclosed  in  a  charcoal  fire.  19'umber,  mean ; 
extreme  difference,  0.84,  for  0  =  16.     The  sulphate  was 

Erepared  from  a  pyrolusite  containing  only  silica,  iron,  and 
arium.    It  was  reduced  to  protoxide,  dissolved  in  sulphu- 
ric acid,  oxidized  with  nitric  acid,  precipitated  with  oxalic 
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acid,  converted  into  red  oxide,  dissolved  in  chlorbydric  acid 
and  alcohol,  precipitated  with  ammonium  carbonate,  dis- 
solved in  sulphnric  acid,  repeatedly  heated  to  redness  and 
recrjstallized,  and  was  dried  at  800°.  Accurate  experi- 
mentB  on  the  reduction  of  the  red  oxide  proved  impractica- 
ble on  account  of  the  hjdroscopicity  of  the  compound. 
Two  experiments  on  the  oxidation  of  the  protoxide,  under- 
taken as  a  check  on  the  other  method,  gave  27.486  and 
27.527  for  0  =  8 ;  S  =  16.  (Erdmam's  Joum.  fUr  Prak. 
0^,  72, 1867,  861;  ^tz.-Bericht  dsr  L  k.  Akad,,  1857.) 

J.  Dumas  :  54.96  (O  =  16). 

Determined  by  the  decomposition  of  the  chloride  with 
argentic  nitrate.  The  number  is  the  mean  of  five  experi- 
ments; extreme  difference,  0.1  for  0  =  16.  CI  =  35.5; 
Ag=:108.  Dumas  had  previously  made  experiments  on 
the  redaction  of  the  hyperoxide  to  protoxide  by  hydrogen. 
These  gave  the  atomic  weight  at  from  25.99  to  26.09  for 
0  =  8.  Dumas  believes  that  a  part  of  the  oxide  was  re- 
duced to  metal.  The  peroxide  was  prepared  from  nitrate 
of  the  protoxide.  {^Annal.  de  Chim.  et  de  Phys.^  (8,)  55, 1859, 
150.) 

—  Rawack  :  64.02  (O  =  16). 

Determined,  in  Schneider's  laboratory,  by  reducing  a 
known  weight  of  red  oxide  to  protoxide  in  a  current  of 
dry  hydrogen,  and  weighing  the  water  formed.  The  num- 
ber is  derived  from  the  mean  of  six  selected  experiments. 
The  extreme  difference  is  0.22  for  0  =s  16.  (Poggend.  Ann., 
m,  1859,  607.) 

B.  Schneider  :  54.038  (O  =  16). 

The  mean  result  of  four  analvses  of  the  oxalate  by  the 
ordinary  method  of  organic  analysis.  Extreme  difference, 
0.04  for  0  =  16.  C  =  12.  The  oxalate  was  prepared  from 
chemically  pure  sulphate  b^  precipitation  with  sodium  car- 
bonate, digestion  with  oxalic  acid,  and  drying  over  sulphu- 
ric acid.    {Poggend.  Ann.,  107 ,  1859,  613.) 


MERCURY. 


The  specific  heat  of  mercury  in  the  solid  state,  as  observed 
by  Begnaulty  and  the  vapor  density,  as  determined  by  Dumas, 
correspond  to  an  atomic  weiffnt  of  slightly  above  200. 
{fhulxn-K-nivX^  L  c;  L.  Meyer,  7.  c.) 

6 
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PouRCROY  AND  Thenard,  Davt,  Wollaston  :  S00.8 
(O  =  16) ;  1265  (O  =  100). 

Fourcroy  and  Tbenard  found  8  0  =  100  Hg.  Davy  found 
80  0  =  880  Hg,  giving  Hg  s=  1266.  The  latter  also  found 
184  01  =  880  Hg,  which  for  01  =  441,  gives  Hg=1264. 
{Phil.  Trans.,  lOJ^,  1814,  21.) 

N.  G.  Sefstrobm  :  202.58  (0=16);  1265.822  (O  = 
100). 

Determined  by  three  analyses  of  the  oxide  according  to 
which  100  Hg  =  7.89,  7.9,  and  7.97  O,  {BerzeUus*  JLehr- 
buck,  Sy  1215.) 

E.  Turner  :  £00.78  (O  =  16). 

Turner  made  a  number  of  determinations  of  this  atomic 
weight  but  regarded  the  value  he  adopted,  202,  only  as 
an  approximation.  From  the  oxide,  prepared  from  nitrate, 
he  got  200.77  and  199.97.  The  compound  was  decomposed 
by  heat,  and  the  products  carried  over  silver  and  gold  in  a 
narrow  tube.  Four  experiments  were  made  on  mercuric 
chloride  which  was  decomposed  by  pure  calcic  oxide,  and 
the  01  precipitated  with  argentic  nitrate.  [These  analyses 
recalculated  for  the  Stas'  atomic  weights  of  Ag  and  CI 
give  202.079,  201.701,  201.815.]  Turner  also  made  two 
experiments  on  the  reduction  of  the  chloride  with  stan- 
nous chloride,  the  Hg  bein^  collected,  dried  and  weighed. 
fThese  experiments  recalculated  ^ve  199.428  and  199.289.3 
The  mercuric  chloride  was  purified  by  recrystallization. 
Weighings  reduced  to  vacuum.  (Phil.  TVans.j  128^  1838, 
585.) 

Erdmann  and  Marchand:  eOO.H  (0  =  16);  1250.6 
(0  =  100). 

Determined  from  the  mean  of  four  experiments  on  the 
reduction  of  the  oxide  in  a  current  of  carbon  di-oxide. 
Oopper,  carbon  (from  sugar)  oxide,  and  carbon,  were  intro* 
duced  in  successive  layers  in  a  combustion  tube.  Dry  car- 
bon di-oxide  was  passed  through  and  the  mercuric  oxide 
heated.  The  metal  was  collected  in  a  receiver  to  which  a 
tube  filled  with  gold  foil  was  appended.  The  metal  was 
perfectly  clean.  Moisture  was  removed  by  a  stream  of  dry 
air  after  distillation.  The  oxide  was  purified  by  heating  it 
to  incipient  decomposition  the  metallic  fumes  being  removed 
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by  a  current  of  dry  air.  It  was  tested  before  being  analysed. 
The  extreme  difference  in  the  results  was  0.8  for  0  =  100. 
All  weighings  in  vacuo.  {ErdrnanrCs  Jovm.fiir  Prak.  Chem.^ 
SI,  1844,  392.) 


K'MiLLON :  199.94  (0  =  16) ;  1249.63  (O  =  100). 

Millon  made  two  experiments  by  heating  mercaric  chlo- 
ride with  calcic  oxide  in  a  current  of  hyarogen  and  con- 
densing the  metal.  The  experiments  gave  73.87  and  78.82 
per  cent,  mercury.  If  01  =  442.64,  the  value  follows.  The 
chloride  was  dissolved  in  ether  and  sublimed.  It  was  per- 
fectly soluble  in  ether  and  alcohol,  and  was  well  crystallized. 
{Paris  Omptes  Rend.,  W,  1845, 1291.) 

L.  SvANBBRO:  eOO  (0  =  16);  1250  (0  =  100). 

Bvanber^  made  three  experiments  by  the  same  method 
employed  by  Millon.  The  mean  result  was  1248.47 ;  ex- 
treme difference,  0.94 ;  but  Svanberg  shows  that  there  was 
probably  loss,  and  that  the  larger  the  quantity  of  chloride 
employed  the  higher  the  result.  He  regards  Erdmann  and 
Marchand's  result  as  most  probable,  but  in  need  of  con- 
firmation. 01  =  448.28.  {Erdmann' 8  Joum.  fUr  Prak. 
CAm.,  ^,  1843,  468 ;  Kongl.  Vet.  Akad.  Handl.,18UjlSd.) 


MOLYBDENUM. 


Begnault  determined  the  specific  heat  of  molybdenum. 

It  answers  to  an  atomic  weight  of  about  96.    {Omelin-Kraut, 

/.c.) 

J.  J.  Bbrzblius:  96.S6  (0  =  16);  596.1  (0  =  100). 

One  hundred  parts  of  anhydrous  plumbic  nitrate,  dis- 
solved and  precipitated  with  neutral  ammonium  molybdate, 
fve  110.68  parts  plumbic  molybdate.  If  Pb  =  1294.645, 
,  =  87.53,  the  value  follows.  Berzelius  expresses  himself 
Satisfied  with  the  accuracy  of  the  determination.  {jPog- 
9^.  Arm.,  8, 1826,  23 ;  and  Lehrbuch,  S,  1208.) 

SvAiTBERQ  AND   Struvb:   9S.13  (0  =  16);    575.829 
(O  =  100). 

After  trying  various  methods  without  getting  accordant 
^Qlts,  these  chemists  made  ten  experiments  on  the  sul- 
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pbide  by  roasting  it  first  in  a  current  of  moist,  and  then  of 
dry  air.  Three  experiments  were  excluded  as  imperfect. 
The  remainder  gave  a  mean  of  89.7528  molybdic  acid  from 
100  sulphide ;  extreme  difference,  0.22.  The  value  follows 
for  S  =  200.  Objections  have  been  made  {Liebig^s  Ann., 
68 y  211)  that  the  difference  in  weight  between  the  acid  and 
the  sulphate  is  too  small  for  the  purpose  of  the  determina- 
tion, and  that  the  different  analyses  give  very  different 
atomic  weights.  The  sulphide  was  prepared  by  melting 
together  molybdic  acid,  sulphur,  ana  caustic  potash,  and 
leaching  the  product  with  water  and  chlorhydric  acid.  The 
sulphide  was  dried  in  a  current  of  hydrogen.  The  molyb- 
dic acid  was  dissolved  in  ammonia  to  prove  the  absence  of 
sulphide.    {Ihdnumn^sJourn.fiir Prak.  Chem.^ 44^  1848, 816.) 

N.  J.  Berlin  :  91.96  (0  =  16) ;  574.75  (0  =  100). 

Determined  by  four  analyses  of  the  double  mono-sesqui- 
molybdate  of  ammonium  b^  heating  gently  with  nitric  acid 
in  a  platinum  crucible  until  only  molybdic  acid  was  left. 
Extreme  difference,  8.82  for  O  =  100 ;  N  =  175 ;  H  =  12.5. 
The  preparation  of  the  salt  is  not  given.  {Erdmann^s  Jounu 
fur  Prak.  Chem.,  49, 1850,  446.) 

J.  Dumas  :  96  (O  =  16). 

Dumas  made  five  experiments  on  the  reduction  of  molyb- 
die  acid  (prepared  from  the  natural  sulphide)  by  means  of 
hydrogen.  The  reduction  was  begun  at  a  low  temperature 
in  a  glass  tube,  and  completed  in  an  unglazed  porcelain  tube 
in  a  reverberatory  furnace,  where  it  was  kept  till  several 
hours  heating  produced  no  further  alteration  in  weight. 
The  molybdenum  did  not  assume  a  metallic  appearance. 
The  number  is  the  mean ;  extreme  difference,  0.8  for  O  = 
16.     {Armal.  de  Chim.  et  de  Phys.^  (8,)  66, 1859, 142.) 

M.  Delafontainb  :  5«  (0  =  16) ;  575  (O  =  100). 

This  chemist  made  manv  experiments  in  various  ways 
without  bein^  able  to  reacn  constant  results,  and  only  re- 
marks that  his  experiments  indicate  Svanberg  and  Struve's 
value  as  the  best.  {Erdmann^s  Joum.fur  Prak.  Chem.,  96, 
1865, 187;  BM.  Univ.,  Arch,  des  Sciences,  23, 1865.) 

H.  Debray  :  95.94  (O  =  16). 

Debray  made  three  experiments  on  the  reduction  of 
molybdic  acid.    The  acid  was  first  converted  into  the  red 
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oxide  in  platinam,  and  at  a  low  temperature,  and  the  small 
portion  of  the  acid  volatilized  daring  this  operation  was 
caoght  and  determined.  The  redaction  was  completed  in 
a  porcelain  tube  at  a  white  heat  Debray  gives  his  results 
at  48.03;  48.04;  and  47.84.  [The  analytical  data,  recalcu- 
lated, give  95.80;  95.55;  95.78;  perhaps  on  account  of 
misprint^.  Seduction  to  vacuum  would  still  further  reduce 
the  numbers.]  The  acid  was  purified  by  sublimation  in 
platinum,  conversion  into  ammonium  salt,  and  regeneration 
D^  beat.  In  two  experiments  ammoniacal  solution  of  molyb- 
dic  acid  was  evaporated  in  the  dark  with  excess  of  argentic 
nitrate,  the  argentic  molybdate  dissolved  out  and  the  excess 
of  siWer  determined.  Debray  found  5.510  acid  =  7.657 
silver,  and  7.236  acid  =  10.847  silver.  Hence  he  calculates 
M=:48  and  47.98.  [A  little  calculation  shows  that  the 
first  data  are  misprinted.  They  should  read  5.11  acid  = 
7.657  silver.  The  corrected  data  give  for  Ag  =  107.98 ;  M 
=  96.06  and  95.99.  The  mean  of  the  recalculated  analyses 
is  95.78.]    {Paris  Comptes  Bend.,  66, 1868,  782.) 

L.  Mbybb  :  96.10  (O  =  16). 

Calculated  from  three  analyses  of  the  dichloride,  two 
analyses  of  the  tetrachloride,  and  two  analyses  of  the  pen- 
tachloride,  made  by  Leichte  and  Kempe  in  Meyer's  labora- 
tory. The  dichlonde  was  analyzed  by  heating  in  a  current 
of  hydrogen  sulphide,  and  subsequently  in  a  current  of 
hydrogen.  Molybdenum  disulphide  is  the  residue.  The 
HCl  formed  was  caught  in  ammonium  hydrate  and  precipi- 
tated by  argentic  nitrate,  after  the  hydrogen  sulphide  had 
been  driven  off  by  boiling  in  a  flask  provided  with  a  con- 
densing drip-tube.  The  tetra  and  pentachloride  were 
decomposed  with  nitric  acid,  excess  of  ammonium  hydrate 
was  added,  and  molybdenum  trisulphide  precipitatea  with 
ammonium  sulphide.  A  weighed  portion  of  the  dry  pre- 
cipitate was  converted  into  disulphide  by  heating  in  a  cur- 
rent of  hydrogen.  The  chlorine  of  the  higher  chlorides 
was  determined  in  the  filtrate  after  precipitation  of  the 
tnsulphide.  By  comparing  the  amount  of  chloride  analyzed 
with  the  amount  of  argentic  chloride  obtained,  Meyer  finds 
in  mean  M  =  95.92 ;  extreme  difference,  1.87  for  O  =  15.96. 
By  comparinj^  the  amount  of  disulphide  with  that  of  argen- 
tic chloride,  M  =  95.75 ;  extreme  difference,  1.85.  By  com- 
paring the  amount  of  chloride  analyzed  with  the  amount  of 
disnlphide  obtained  for  one  analysis  of  tetrachloride  and 
two  analyses  of  pentachloride,  he  gets  M  =  95.94;  extreme 
difference,  2.15.     The  general  mean  is  M  =  95.86 ;  extreme 
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diflference,  2.15.  Ag  =  107.66;  8  =  81.98;  01  =  35.87; 
O  =  15.96.  The  specific  gravities  of  the  chlorides  not  hav- 
ing been  determined,  the  weighings  are  not  reduced  to 
vacnnm.  The  pentachloride  was  prepared  firom  M  by  heat- 
ing it  in  a  current  of  CI  entirely  free  firom  air.  The  metal 
had  been  fireed  firom  oxide  by  heating  in  an  atmosphere  of 
HCl.  By  moderate  heating  of  the  pentachloride  in  dry  H, 
and  by  distilling  pentachloride  over  the  product  in  dry 
carbon  di-oxide,  the  trichloride  is  obtained.  The  trichlo- 
ride heated  in  carbon  di-oxide  is  decomposed  into  tetrachlo- 
ride and  di-cUoride,  which  latter  must  be  purified  with 
warm  dilute  nitric  acid.  (Liebig'a  Ann.j  169^  1874,  860, 
344.) 


NICKEL. 


Begnault  has  determined  the  specific  heat  of  nickel.  It 
corresponds  to  an  atomic  weight  of  about  59.  {OmtJin- 
Krauty  L  e.) 

E.  RoTHOFF :  69.09  (0  =  16) ;  369.333  (O  =  100). 

Bothoff  converted  188  parts  of  oxide  into  chloride,  a 
neutral  solution  of  which  gave  718.2  parts  argentic  chlo- 
ride. If  CI  =  221.64,  Ag  =  1349.66,  the  value  follows. 
{BerzeUus'  Lehrbuch,  S,  1221.) 

P.  BSRTHIBR. 

Lassaigne  having  announced  the  atomic  weight  of  nickel 
at  500,  {SchwaggS^s  Jahrbttch,  P,  108,)  Berthier  re-ex- 
amined the  subject  and  found  Bothoff's  number  confirmed. 
{Berzelius*  Jakresbericht^  5, 1825, 148 ;  AnnaL  de  Gkan.  et  de 
Phya.,  es,  1824, 148.) 

Erdmann  and  Marohand  :  68.6  ( 0  =  16) ;  365.9  (O 

=  100). 

Determined  ^*  with  all  precaution  "  by  the  reduction  of 
the  oxide  with  hydrogen.  The  results  varied  from  29.1  to 
29.3,  but  Erdmann  has  reason  to  believe  the  smaller  number 
the  more  accurate.  {Mrdmann^s  Joum.  fur  Prak.  Ghent,, 
66, 1862,  202.) 
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H.  Saintb-Clairb  Deville: 

100  parts  fused  nickel,  containing  three-tenths  per  cent, 
silicon  and  one-tenth  per  cent,  copper,  gave  262  parts  anhy- 
droDB,  yellow  nickel  sulphate,  ^*  corresponding  to  the  atomic 
weight  as  given  by  Berzelius."  {AnncU.  de  Chim.  et  de  Phys.y 
(3,)  46, 1856,  182.) 

R.  ScHKEiDER :  58.05  (0  =  16) ;  862.8  (O  =100). 

Determined  from  four  analyses  of  the  oxalate.  The  car- 
bon determinations  were  made  by  the  ordinary  method  of 
organic  analysis,  because  some  hydrocarbon  forms  when 
the  salt  is  decomposed  by  heat  alone.  The  metal  was  de- 
termined by  heating  a  known  weight  of  the  salt  first  in  air 
and  then  in  a  current  of  oxygen,  and  subsequent  reduction 
by  hydrogen.  In  the  preparation  of  the  salt  the  usual  pre- 
cipitate with  ammonium  sulphide  was  washed  with  dilute 
chlorhydric  acid,  and  the  cobalt  separated  with  barium  car- 
bonate and  chlorine.  From  the  nickel  salt  obtained  the 
oxalate  was  precipitated  with  oxalic  acid.  The  number  is 
the  mean  of  four  analyses ;  extreme  difference,  0.082  for  0 
=  8.    {Poggend.  Arm.  101, 1867,  396.) 

C.  Mariqnac  :  59  (0  =  16). 

Marignac  made  two  analyses  of  the  sulphate  by  decom- 
posing the  salt  by  heat.  The  decomposition  is  perfect.  To 
avoid  errors  arising  from  possible  reduction  of  a  portion  of 
the  oxide,  it  was  moistened  with  nitric  acid,  and  recalcined 
^  a  moderate  temperature.  The  results  obtained  were  Ni 
=  29.2  and  29.5.  The  sulphate  was  purified  by  recrystalli- 
zation.  He  also  made  experiments  on  the  chloride  by  titra- 
tion with  argentic  nitrate,  according  to  Pelouze's  modifica- 
tion of  Gay-Lussac's  method.  Three  such  analyses  gave 
from  29.4  to  29.5.  Li  one  experiment  he  also  evaporated 
the  nickel  nitrate,  after  filtering  off  the  argentic  chloride, 
and  converted  it  into  oxide  by  heat.  This  experiment  gave 
Ni  =  29.64.  The  chloride,  whether  it  be  distilled  or  cal- 
cined with  ammonium  chloride,  is  apt  to  leave  an  insoluble 
reaidne  the  weight  of  which  must  be  deducted.  S  =  16 ; 
Ag  =  108 ;  CI  =  85.5.  {BM.  Univ.  Arch,  des  Sciences,  (2,) 
h  1868,  875.) 

J.  Dumas  :  59.028  (0  =  16). 

The  number  is  the  mean  result  of  five  experiments  on 
tiie  titration  of  the  chloride  with   argentic   nitrate ;   ex- 
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treme  difference  0.08.  Ag  =  108;  CI  =  85.5.  In  three 
cases  the  nickel  chloride  was  prepared  by  dissolving  fused 
nickel  in  aquia  regia,  repeated  evaporation  to  dryness  with 
HCl,  and  heating  for  from  twelve  to  twenty-four  hours  in  a 
current  of  HOI  gas.  In  two  cases  it  was  produced  by  pass- 
ing a  current  of  chlorine  over  sponey  nickel.  The  chloride 
analyzed  was  crystalline  and  volatile  without  residae. 
{Annul,  de  Ghim.  et  de  Phys.,  (8,)  66, 1859, 149.) 

R.  Schneider  :  58.058  (O  =  16). 

In  consequence  of  Marignac's  criticism  (that  as  nickel 
oxalate  is  insoluble  it  cannot  be  purified  by  recrystalliza- 
tion)  Schneider  repeated  his  former  determination,  making 
special  tests  for  oxalic  acid,  sodium,  and  chlorine,  with  the 
above  result.    {Poggend.  Ann.,  107, 1859,  616.) 

W.  J.  Russell  :  68.788  (0  =  16 ). 

Determined  from  the  mean  of  thirteen  experiments  on 
the  reduction  of  the  oxide  in  hvdrogen.  Extreme  differ- 
ence, 0.12  for  O  =  16.  The  oxide  was  prepared  from  three 
specimens  of  commercial  nickel,  which  were  first  converted 
into  pure  oxalate  and  then  into  nitrate.  The  oxide  was 
obtained  by  decomposing  the  nitrate  by  a  very  strong  heat. 
{Joum.  Ghent.  Soc.,  (2,)  i,  1868,  61.) 

Schneider  remarks  that  a  portion  of  the  oxide  analyzed 
may  have  been  reduced  during  the  process  of  decomposing^ 
the  nitrate.  {Poggend.  Ann.,  ISO,  1867,  810.)  Marignac 
points  out  the  same  danger.  (Bibl.  Univ.,  Arch,  des  Sciences^ 
(2,)  1,  874.) 

E.  VON  SoMMABUGA :  58.026  (O  =16). 

Determined  from  the  amount  of  barium  sulphate  obtained 
by  precipitating  the  double  sulphate  of  nickel  and  potassium 
with  barium  chloride.  The  number  is  the  mean  of  six 
experiments;  extreme  difiTerence,  0.168  for  O  =  8,  S  =  16 ; 
Ba  [no  doubt]  =  68.5 ;  K  —  89.2.  The  salt  was  prepared 
by  solution  of  commercial  nickel  in  sulphuric  and  nitric 
acid,  adding  potassic  sulphate  to  the  solution,  and  repeatedly 
recrystallizmg  the  double  sulphate.  {Erdmann^s  Joum.  fur 
Prak.  Chem.,  100, 1867, 115 ;  SUz.-Ber.  der  k.  k.  Akad.,  1866.) 

C.  WiNKLBE :  59.05  (O  =  16). 

Determined  by  the  amount  of  gold  precipitated  from  a 
solution  of  neutral  crystallized  potassium  cmoro-aurate  by 
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a  known  weight  of  nickel.  The  number  is  the  mean  of 
fonr  experiments;  extreme  difference,  0.186  for  0  =  16, 
An  =  196.  The  nickel  was  prepared  as  follows  :  commer- 
cid  nickel  carbonate  was  aissolved  in  chlorhjdric  acid, 
cobalt  was  repeatedly  precipitated  with  sodium  hypochlo- 
rite, copper,  etc.,  were  removed  with  hydrogen  sulphide, 
the  nickel  was  precipitated  with  sodium  carbonate,  the  pre- 
cipitate dissolved  in  chlorhydric  acid,  the  chloride  sublimed 
and  reduced  in  a  current  of  hydrogen.  {Fresenius'  ZeitscLy 
6, 1867, 22.) 

W.  J.  KussELL :  58.76  (O  =  16). 

^  Determined  by  the  amount  of  hydrogen  set  free  by  solu- 
tion of  nickel  in  chlorhydric  acid.  The  nickel  was  that 
obtained  in  Russell's  former  determination  of  the  atomic 
weight  of  nickel.    {Chem.  News,  W,  1869,  20.) 

R.  H.  Lbb  :  68.01  (O  =  16). 

Determined  by  analyses  of  nickel  cyanide  salts.  They 
were  decomposea  in  a  platinum  crucible  by  heat  from  above. 
The  carbon  separated  out  was  burned  off  first  in  air  and 
Aen  in  oxygen.  The  metallic  oxide  was  reduced  in  a  cur- 
^^t  of  hydrogen.  The  mean  of  six  experiments  on  the 
strychnine  salt  gave  Ni  =  58.04.  The  mean  of  six  experi- 
°^^Qt8  on  the  brucine  salt  ^ve  Ni  s=  57.98.  The  salts  were 
POilfied  by  recrystallization.  {Berlin,  Bericht  der  Chem. 
ffes.,  4, 1871,  790.) 


NIOBIUM. 


The  vapor  density  of  the  chloride  and  of  the  oxychloride, 
as  determined  by  Deville  and  Troost,  places  the  atomic 
weight  at  about  94.    {Paris  Comptes  Bend.,  66, 1868,  891.) 

H.  Rose  :  i«»  (O  =  16). 

Rose  deduced  the  atomic  weight  of  niobium  from  analy- 
ses of  what  he  supposed  to  be  the  tetrachloride,  determin- 
ing the  niobium  as  niobic  acid,  and  the  chlorine  as  argentic 
chloride.  The  results,  which  varied  greatly,  indicated  the 
valae  97.64.  [Marignac  having  proved  that  the  salt  is  a 
pentacbloride,  this  number  becomes  122.]  Marignac  showed 
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that  Rose  dealt  with  a  compoaud  containing  a  large  amount 
of  the  corresponding  tantaliom  chloride.  {Poggend.  Arm., 
104,  1868,  489.) 

EosE ;  Rammelsberq  :  94  (0  =  16). 

Rose  analysed  the  oxychloride,  but  did  not  recognize  it 
as  an  oxychloride.  Rammelsberg  calculated  the  atomic 
weight  from  Rose's  figures  and  found  that  the  highest  chlo- 
rine contents  corresponds  to  an  atomic  weight  of  94. 
Rose's  salt  must  have  been  nearly  pure  as  there  is  no  cor- 
responding tantalium  compound.  {Poggend.  Ann.,  136, 
1869,  853.) 

R.  Hermann  :  104.8  (0  =  16). 

Hermann  deduces  this  value  from  analyses  of  a  number 
of  chlorides  and  sodium  salts.  The  formulas  which  he 
gives  these  compounds  are  complicated,  unlikely,  and  un- 
supported by  evidence.  Marignac  has  shewn  that  Her- 
mann's salts  contained  tantalium.  {JShrdmann's  Joum.  fur 
Prak.  Chem.,  68, 1856,  78.) 

0.  W.  Blomstrand:  95(0  =  16). 

Blomstrand  made  three  determinations  of  the  chlorine 
contents  of  the  pentachloride,  getting  64.712  per  cent.,  ex- 
treme difference,  0.82.  He  also  made  eleven  determina- 
tions of  the  niobium  in  the  same  compound,  weighing  it  as 
niobic  acid.  100  chloride  gave  in  mean  49.794  acid.  The 
atomic  weight  calculated  from  the  chlorine  contents  is 
96.67;  from  the  niobic  acid,  96.16.  Blomstrand  also  made 
experiments  on  sodium  niobate  which  led  him  to  the  con- 
clusion that  the  most  probable  number  is  95.  {GmeUn' 
Kraut,  S,  part  2,  78;  Acta  Univ.  Jjund.,  1864.) 

0.  Marignac  :  94  (0  =  16). 

Determined  from  a  number  of  analyses  of  potassium 
fluoniobate  containing  two  atoms  of  potassium.  The  com- 
pound was  decomposed  by  sulphuric  acid  with  which  it 
was  evaporated  to  dryness.  The  residue  was  leached  with 
water,  the  filtrate  evaporated  and  the  potassic  sulphate 
melted  and  weighed.  The  sulphuric  acid  remaining:  with 
the  niobic  acid  was  driven  off  by  heat  and  the  acid  weiehed. 
The  salt  bein^  readily  soluble  and  crystallizing  well,  can 
easily  be  purified  from  all  substances  except  titanium  which 
Mangnac  knows  no  way  of  separating  or  determining. 
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The  larger  the  amount  of  titanium  present,  the  lower  will 
the  atomic  weight  be ;  Marignac  therefore  takes  the  highest 
value.  {lAebig'a  Ann.,  S.  4,  884,  288,  838;  Bibl.  Univ.y 
Arek  des  Sciences,  S3, 1865,  £6, 1866.) 


NITROGEN. 


Segoanlt  has  determined  the  specific  gravity  of  nitrogen. 
ItiDficates  an  atomic  weight  slightly  aoove  14.  {GhneUn- 
Kmt,  L  e.) 

BioT  and  Abago  ;    Wollaston  :    14^08  (0  =  16) ; 
87.7  (O  =  100). 

Biot  and  Arago  found  the  specific  gravities  of  N  and  H 
0.96918  and  0.07821.  If  Er=  18.27  the  value  follows. 
[Thifl  very  accurate  value  is  of  course  the  result  of  two 
compensating  errors.]    {PhU.  Trans.,  IO4,,  1814,  20.) 

J.  J.  Bbrzblius  ;  I4.I6S  (0  =  16) ;  88.518  (0  =100). 

Calculated  from  the  specific  gravity  as  determined  by 
Berzelius  and  Dulong,  compared  with  that  of  oxygen.  By 
decomposing  the  nitrate  of  lead  by  heat,  Berzelius  also 
found  N  =  88.61  for  Pb  =  1294.498.  (Poggend.  Ann.,  8, 
1826,14.)  ^     ^ 

E.  Txjbwbb:  14.15  (0  =  16). 

Determined  by  experiments  on  the  nitrates  of  lead,  silver, 
and  bairium,  which  were  precipitated  with  sulphuric  and 
hydrochloric  acids,  and  gave  respectively  N  =  14.201 ; 
14.09;  14.17 ;  if  Pb  =  108.6 ;  Ba  =  68.7 ;  01  =  85.42 ;  S 
s  16.085 ;  the  weighings  being  reduced  to  vacuum.  The 
salts  were  purified  by  recryetallization.  Turner  recom- 
mends more  direct  methods.     {Phil.  Trans.,  ISS,  1888, 587.) 

T.  Thomson  \  U{Q  =  16). 

From  the  hypothesis  that  air  is  a  compound  containing 
four  parts  of  if  and  one  part  oxygen,  and  from  the  average 
of  varioQs  selected  determinations  of  the  specific  gravity  of 
pxygen,  Thomson  concludes  the  specific  gravity  of  oxygen 
|»  1.1111,  and   that  of  N  0.9722.    These  numbers  stand 
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to  one  another  as  16  to  14.  {Erdmann^s  Joum.  fur  Prak. 
Chem.f  5,  1886,  375;  Records  of  General  Science^  by  R.  D. 
Thomson,  1836, 179.) 

F.Tbnny:  14.018  (0  =  16). 

From  the  mean  of  three  series  of  experiments  (vide 
Penny's  determination  of  potassium)  it  follows  that  100 
potassic  chloride  =  185.686  potassic  nitrate.  Penny  found 
the  molecular  weight  of  KCl  =  74.527 ;  hence  the  difference 
between  a  chloride  and  a  nitrate  is  26.560.  Similar  experi- 
ments were  made  on  the  sodium  salts.  In  four  experiments 
100  sodium  chlorate  were  found  =  54.930  chloride ;  extreme 
difference,  0.02.  In  three  experiments,  100  sodium  chlo- 
rate were  found  =  79.882  sodium  nitrate ;  extreme  differ- 
ence, 0.015.  In  six  experiments  100  sodium  nitrate  were 
found  =  68.771  chloride ;  extreme  difference,  0.018.  In 
seven  experiments  100  chloride  were  found  =  145.416 
sodium  nitrate;  extreme  difference,  0.016.  These  data 
give  sodium  chloride  =  58.5,  and  the  nitrate  =  85.068,  or 
the  difference  between  a  chloride  and  a  nitrate  =  26.568. 
Penny  found  01  =  85.454.  If  NO,- 01  =  26.564,  N  = 
14.018.  Weighings  for  vacuum.   {Phil.  Trans.,  1^9,1889,25.) 

L.  SVANBBBG  :  1S.91  (O  =  16). 

• 

Determined  by  four  experiments  on  the  decomposition  of 
plumbic  nitrate  by  heat  which  gave  a  mean  of  67.4016  per 
cent,  oxide ;  extreme  difference,  0.0087.  [If  Pb  =  206.926 
(8tas)  the  value  follows.]  {Berzelius*  Jakresberickt,  SS,  1842, 
88.) 

0.  Mariqnac  :  U.OS  (O  =  16) ;  87.625  (O  =  100). 

Marignac  made  five  experiments  by  dissolving  a  known 
weight  of  silver  in  nitric  acid  and  melting  and  weighing 
the  nitrate  formed.  The  silver  carried  out  of  the  retort  by 
the  vapors  was  precipitated  and  determined.  The  mean 
result  was  that  100  silvef  =  157.430  nitrate ;  extreme 
difference,  0.046;  or,  if  Ag  =  1849.01,  N  =  87.585.  Six 
experiments  were  made  by  the  decomposition  of  a  known 
weight  of  argentic  nitrate  with  a  known  weight  of  potassic 
chloride  by  Pelouze's  method.  Mean,  100  KOI  =  227.986 
argentic  nitrate ;  extreme  difference,  0.18.  This  gives  N  = 
87.685  if  E  =  488.94  and  01  =  448.2.  Seven  experiments 
by  the  same  method  showed  that  100  silver  dissolved  in 
nitric  acid  =  49.522  ammonium  chloride;  extreme  differ- 
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ence,  0.063;  Hence  N  =  87.656.  The  weighings  are  re- 
dact to  vacQum.  {Berzelius^  Jakresberichtj  94^  1842,  44 ; 
Bm  Unio.  de  Genhe,  46, 1842,  863.) 

T.  Anderson  :  ISM  (0  =  16);  87.204  (0  i=  100). 

Determined  by  four  experiments  on  the  decomposition 
of  plumbic  nitrate  by  heat  at  a  sufficiently  low  temperature 
to  permit  of  complete  decomposition.  The  number  is  the 
mean;  extreme  difference,  0.198  for  0=100.  Pb  = 
1294.5.    (Anml  de  (Mm.  et  de  Phys.,  (3,)  d,  1848,  264.) 

J.  Pblouzb  :  14.014  (0  =  16) ;  87.59  (O  =  100). 

A  known  weight  of  areentic  nitrate  was  brought  in  con- 
tact with  a  known  and  slightly  excessive  weight  of  ammo- 
nium chloride  and  the  excess  titrated  with  silver  solution. 
One  experiment  gave  N  =  175.58 ;  a  second  gave  N  = 
174.78.  Ag==  1849.01;  01  =  443.2.  The  ammonium 
chloride  was  purified  by  sublimation  and  recrystallization. 
{Pam  amptea  Bend.,  W,  1845,  1047.) 

P.  EiNBRODT :  Jf^  (0  =  16);  87.5  (0  =  100). 

Experiments  on  the  decomposition  of  plumbic  nitrate  by 
heat  gave  N  =  87.5  plus  a  vanishing  quantity  if  Pb  = 
1294.2239.    {LeOA^s  Ann.,  70, 1849,  286.) 

J.  Dumas  :  14  (0  =  16). 

Determined  by  experiments  on  the  combustion  of  ammo- 
nia and  cyanogen.  Particulars  not  given.  0  =  6;  H  s=  1. 
{Avsid.  dt  Ckbn.  et  de  Phys.,  (3,)  66, 1859, 134.) 

J.  8.  Stab  :  14.044  (O  =  16). 

Stas  made  seven  determinations  of  the  relation  between 
silver  and  its  nitrate  by  dissolving  pure  silver  in  nitric  acid, 
evaporadug  to  dryness  and  keeping  the  salt  melted  until 
there  was  no  further  loss  of  weight.  In  two  of  these  experi- 
mentB  the  salt  was  melted  m  vacuo.  The  mean  result  was 
that  100  Ag  =  157.472  nitrate ;  whence  N  =  I4.O4O.  Later 
Stas  made  two  more  experiments  by  the  same  method  with 
all  possible  precautions  to  secure  accuracy.  These  gave  100 
Ag  =  157.484  nitrate  and  N  =  14.042.  By  the  conversion 
of  the  chlorides  of  potassium,  sodium,  lithium  and  silver 
into  nitrates,  Stas  found  the  difference  between  a  chloride 
and  a  nitrate  26.5882.    This  gives  N  =  14.045.    The  weigh- 
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ings  are  reduced  to  vacuain.     CI  =  85.457 ;  Ag  =  107.98. 
{SiaSy  Unters.  iiber  Chem.  Prop.  Leipzig^  1867.) 


OSMIUM. 


Begnault  has  determined  the  specific  heat  of  osmiam.  It 
corresponds  to  an  atomic  weight  of  about  199.  {OmeUn- 
Krautf  I.  c.) 

J.  J.  Bb&zblius  :  199.04,  (O  =  16). 

Berzelios  analyzed  potassium  chloro-osmate  by  peduction 
in  a  current  of  hydrogen  and  solution  of  the  potassium 
chloride  from  the  residue.  1.3165  grammes  of  the  double 
salt  lost  0.8805  in  reduction  and  the  residue  was  composed 
of  0.401  potassium-  chloride  and  0.585  osmium.  The  atomic 
weight  may  be  calculated  either  from  the  chlorine  lost  or 
from  the  relation  of  the  chloride  to  the  metal  in  the  residue. 
Berzelius  preferred  the  latter  as  more  probably  accarate. 
Pf  Z  =  89.187 ;  01  =  85.457  (Stas ;)  this  relation  gives 
199.04.]  According  to  W.  M.  Watts,  (Ohem.  News,  19, 
802)  the  loss  of  chlorine  gives  for  Stas's  values  Os  ^  199.42. 
Hyperosmic  acid  was  separated  from  iridium  compounds  by 
distilling  at  a  gentle  heat.  The  first  portion  is  perfectly 
pure.  The  metal  was  precipitated  from  chlorhydric  acid 
solution  of  hyperosmic  acid  by  mercurv  and  subsequently 
purified  by  heating  in  a  current  of  hydrogen.  Potassium 
chloro-osmate  was  formed  b^  heating  comminuted  metal 
and  EOl  in  a  current  of  chlorme.  {Poggend.  Ann.^  IS^  1828, 
580 ;  Kongl.  Vet.  Acad.  Handl.^  1828.) 

E.  Frbmt  :  199.66  (0  =  16) ;  1247.8  (O  =  100). 

Pure  osmium  was  burned  in  a  current  of  oxygen  and 
the  fumes  led  over  potassic  hydrate,  by  which  tiiey  are 
absorbed.  An  additional  potash  tube  did  not  increase  in 
weight.     Oorks  were  avoided.    Number  of  experiments  not 

5iven.    {Erdnumn's  Joum.  fUr  Prak.  Chem.,  SS,  1844,  409 ; 
oum.  de  Pharm.  et  Chim.,  1844,  241.) 

Dbvillb  and  Debbat  :  198  (O  =  16). 

These  chemists  determined  the  vapor  densily  of  hyper- 
osmic acid  by  Dumas'   method,  finding  it  8.89  at  246^, 
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and  8.87  at  286^.  They  hence  consider  it  probable  that 
the  atomic  weight  of  osmium  is  the  same  as  that  of  plati- 
Dom.  The  acid  was  very  pure  and  was  prepared  by  the 
combnstion  of  melallic  osmium  in  oxygen.  {Paris^  Oomptes 
Send.,  U,  1857, 1101.) 


OXYGEN. 


The  atomic  weight  of  oxygen  is  assumed  at  16  for  the 
reasons  stated  under  hydrogen,  q.  v.  If  hydrogen  is  taken 
as  unity,  0  ==  16.96. 


PALLADroM. 


Begnault  determined  the  specific  heat  of  palladium.  It 
corresponds  to  an  atomic  weight  of  about  106.  {GhneUn^ 
Kraui,  I  c.) 

J.  J.  Bbbzblixjs  ;  106 Jl  {O  =  16). 

In  his  earliest  determinations  of  this  constant,  Berzelius 
saturated  the  metal  with  sulphur,  getting  about  711  for  8 
3=201.165;  and  decomposed  the  chloride  with  mercury, 
getting  704.  [711  appears  to  be  a  misprint  for  714.618  the 
namber  given  with  corresponding  data  at  Poggend.,  8, 180.] 
In  this  investigation  a  known  weight  of  potMsium  chloro- 
palladate  was  reduced  in  a  current  of  hydrogen,  the  weight 
of  the  residue  determined,  the  potassium  chloride  leached 
from  the  residue  and  the  metallic  palladium  weighed.  The 
doable  salt  was  stronglv  heated,  but  not  to  fusion,  in  a  current 
of  dry  air  before  weignin^.  It  being  impossible  to  desiccate 
this  and  the  similar  platinum-metal  salts  completely  with- 
out decomposition,  the  atomic  weight  was  calculated  from  the 
relation  between  the  metal  and  the  KCl.  Berzelius  found 
0.675  Pd  =  0.809  KCl,  and  0.851  Pd  =  1.192  KCl.  [If  KOI 
=  74.594  (Stas)  the  former  gives  Pd  =  106.086,  the  latter 
106.509.]]  Berzelius  had  reason  to  consider  the  latter  analy- 
m  the  more  accurate.  {Poggend.  Ann.,  IS,  1828, 454  ;  Kongl. 
Vet.  Acad.  Standi,  1828.) 
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PHOSPHORUS. 

The  specific  heat  of  this  element,  as  well  as  the  density 
of  phosphorus  and  its  humerous  volatile  compoands  in  the 
gaseoas  state,  corresponds  to  an  atomic  weight  slightly 
above  31.    {Ometin-Kraut^  L  c.) 

V.  Rose;  F.  H.  Wollabton  :  S6J  (O  =  16). 

WoUaston  adopted  the  analysis  of  Rose,  who  found  that 
phosphoric  anhydride  contained  58.28  per  cent  oxygen  and 
46.72  per  cent,  phosphorus.  [This  relation  gives  the  above 
value.]    (Phil.  Trans.y  104^  1814,  20.) 

J.  J.  Bbbzelius  :  SLSS6  (0  =  16). 

Berzelius  made  experiments  on  the  reduction  of  auric 
chloride  and  of  argentic  sulphate  by  phosphorus.  His  re- 
sults were  0.8115  P  =  18.98  A^;  0.829  P  =  8.714  Au; 
0.754  P  =  7.98  Au.  [The  first  of  these  analyses  is  misprinted 
in  the  ori^nal  memoir  (Gilbert's  Ann.,  6S^  488).]  In  the 
Lehrbuch  it  is  miscalculated  as  Ruecker  has  shown.  Ber- 
zelius preferred  deducing  the  atomic  weight  of  P  from  that 
of  silver,  because  the  atomic  weight  of  the  latter  was  more 
accurately  known  than  that  of  gold.  [If  Ag  =  107.98,  the 
data  give  P  =  81.825,  for  Au  =s  196.67  the  latter  analyses 
give  r  =  81.176  and  81.165/]  In  all  the  experiments  the 
precipitated  metal  was  boilea  with  the  solution  when  the 
reduction  was  nearly  complete.  A  trace  of  gold  was 
observed  to  precipitate  after  the  experiments  were  over. 
The  silver  was  heated  to  redness  before  weighing.  [J.  P. 
Cooke,  Jr.,  ha^  shown  (atohiic  weight  of  antimony)  that 
silver  is  volatile  at  a  red  heat.  Berzelius  must  therefore 
have  got  too  large  a  result.]  The  phosphorus  was  distilled, 
melted  in  a  fflass  tube  and  cooled  very  slowly,  to  permit 
traces  of  oxides  to  rise  to  the  surface,  and  the  lower  portion 
of  the  tube  with  the  phosphorus  broken  off  and  instantly 
weighed.  {GUJberes  Ann.jSSy  1816,  488,  and  Lehrbuch  S^ 
1188.) 

J.  Pblouzb  :  Se.Oei  (0  =  16) ;  200.15  (O  =  100). 

A  known  weight  of  argentic  nitrate  was  brought  in  con- 
tact with  a  known  and  slightly  excessive  weight  of  phos- 
phorous chloride  and  the  excess  titrated.  The  number  of 
experiments  is  not  given.     Ag  =  1849.01 ;    CI  =s  448.2. 
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The  terchloride  was  prepared  by  chloridizinff  finely  divided 
P  with  dry  chlorine,  adding  finely  divided  P,  decanting, 
a^tation  with  tin  amalgam  and  rectification  over  the  same. 
The  fluid  was  colorless  and  did  not  give  any  precipitate 
with  water.    {PariSy  Gomptes  Rend.,  SO,  1845, 1047.) 

V.  A.  Jacqubun  :    e9.8S  (0  =  16) ;  186.488  (O  = 
100). 

Determined  by  experiments  on  the  chlorides  of  phos- 
phorus with  argentic  nitrate  and  plumbic  oxide.  The  re- 
sults are  utterly  discordant.  (Paris,  Oomptes  Rend.,  SS, 
1851,  698.) 

A.  SoHROBTTBR :  81.0274  (0  =  16). 

Determined  by  burning  perfectly  pure  amorphous  phos- 
phorus in  dry  oxygen  and  weighing  the  phosphoric  anhy- 
dride. The  number  is  the  mean  of  10  experiments  ; 
extreme  difference,  0.1242.  Previous  to  burning,  the  phos- 
phorus was  heated  for  a  long  time  in  carbon  di-oxide  or 
hydrogen.  It  was  burned  not  in  powder  but  in  lumps. 
{MdmamCs  Jovm.  jur  Prak.  Chem.,  6S,  1861,  486 ;  Sitz.- 
Beriehiderk.  k.  Akad.,  1851.) 

B.  C.  Brodib:  81.81  (0  =  16). 

Three  experiments  made  by  oxidation  of  phosphorus 
with  aqua  re^a  and  determination  as  magnesium  pyrophos- 
phate gave  this  mean.  Brodie  seems  to  regard  these  deter- 
minations  only  as  evidence  that  the  atomic  weight  needs 
redetermination.    {Joum.  Chem.  Soc.,  6, 1862,  295.) 

J.  Dumas  :  81.08  (0  =  16). 

Determined  by  five  experiments  on  the  titration  of  the 
terchloride  with  argentic  nitrate.  The  chloride  was  pre- 
pared by  the  action  of  dry  chlorine  on  amorphous  phos- 
phorus and  distillation  after  the  chlorine  had  been  displaced 
by  carbon  di-oxide.  The  portion  distilling  between  76® 
and  78®  only  was  used.  The  number  is  the  mean  of  the 
results;  extreme  difference,  0.08.  Ag=108;  01  =  86.5. 
[Amd,  de  Ckha.  et  de  Phys.,  (8,)  66, 1869, 172.) 
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PLATINUM. 

Rej^naalt  and  Eopp  have  determined  the  specific  heat  of 
platinum.  It  answers  to  an  atomic  weight  of  about  197. 
{Omelin-Krauty  l.  c.) 

J.  J.  Bbrzelius  :  197.19  (0  =  16). 

Determined  by  the  same  method  as  osmium,  q.  v.,  from 
a  sinde  experiment  on  potassium  auroplatinate.  2.135 
potassium  chloride  accompanied  2.822  platinum.  [If  KCI 
=  74.594  (Stas,)  this  gives  the  above  value.]]  The  salt  was 
prepared  b^  precipitating  an  alcoholic  solution  of  platinum 
chloride  with  potassium  chloride,  washing  with  alcohol  and 
heating  to  redness  in  a  current  of  chlorine.  Berzelius  re- 
marks that  the  metal  used  in  his  former  determinations 
was  impure.  (Poggend.  Ann.^  ISj  1828,  468,  and  Lehrbuch^ 
S,  1218.) 

T.  Andbbws  :  197.88  (0  =  16). 

Determined  by  three  experiments  on  potassium  chlo- 
roplatinate.  The  salt  was  dried  at  105^  in  vacuo,  decom- 
posed by  zinc,  the  excess  of  zinc  removed  by  acetic  acid, 
the  solution  filtered  off,  and  the  chlorine  titrated.  The 
number  is  the  mean ;  extreme  difference,  0.22.  The  values 
assumed  for  Ag  and  CI  are  not  given.  They  were  most 
likely  Marignac^.     {Brit.  Assoc.  JUep.^  1852,  part  2,  88.) 

J.  S.  Stas  made  preparations  for  determining  the  atomic 
weight  of  platinum,  but  not  being  able  to  produce  potas 
Slum  chloroplatinate  entirely  free  fi*om  water,  and  being 
unacquainted  with  Bunsen's  method  of  accomplishing  this 
end,  resigned  the  attempt.  He  made,  indeed,  three  analy- 
ses by  the  same  method  employed  by  Berzelius,  but  un* 
fortunately  does  not  communicate  the  results.  {Staa^  Unter- 
such,  ilber  Chem.  Prop.y  Leipzig^  1867,  265.) 


POTASSIUM. 


Regnault  determined  the  specific  heat  of  potassium.  It 
corresponds  to  an  atomic  weight  of  about  89.  {Omdinr 
Krauty  I.  c.) 
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M.  H.  B[lapboth  ;  P.  H,  Wollabton  :  S9.617  (0  = 
16). 

Elaproth  found  that  441  CI  =  591  potassium  oxide. 
Hence  "Wollaston  deduced  the  value  491  (0  =  100)  for 
K  pf  CI  =  86.457,  this  relation  gives  K  =  39.51 7.]  (PhU. 
Trm.,  lOi,  1814,  20.) 

J.  J.  Bbbzelius  :  S9.19S  (0  =  16) ;  244.958  (0  == 
100). 

Berzelius  found  that  100  KCl  =  192.4  Ag  01.  If  Ag  = 
1351.607 ;  CI  =  442.65 ;  the  above  value  follows.  {Poggend. 
Am.,  8, 1826, 190.) 

F.  Penny  :  39.078  (0  =  16). 

PeoDj  made  six  experiments  on  the  conversion  of  the 
chlorate  into  the  chloride.  Potassic  chlorate  was  dried  at 
about  105^,  dissolved  in  a  flask  with  HCl,  evaporated,  dried 
and  weighed.  The  cake  contained  some  free  HCl.  It  was 
broken  up,  pulverized,  and  a  known  quantity  heated  to  dull 
redness  but  not  to  fusion,  and  the  HCl  expelled  allowed  for. 
The  mean  result  was  that  100  KCl  0,  =  60.828  KCl ;  ex- 
treme difierence,  0.015.  This  relation  gives  KCl  =  74.527 
and  if  01  ==  35.454  (Penny,)  the  value  for  ^  K  follows. 
NameroQs  experiments  were  also  made  on  the  introconver- 
sion  of  the  nitrate,  the  chloride  and  the 'chlorate,  which 
established  the  difference  between  a  chloride  and  a  nitrate, 
besides  confirming  the  value  of  K.  The  salts  were  purified 
by  recrystallization  and  were  carefully  tested  for  impurities. 
The  weighings  are  all  for  vacuum.  {PhU.  TVans.^  lS9y  1839, 
18.)  ^ 

C.  Marionao  :  S9.e  (0  ==  16) ;  245  (0  =  100). 

By  six  experiments  on  the  decomposition  of  the  chlorate 
by  heat,  100  chlorate  were  found  to  lose  89.161  oxygen ; 
extreme  difference  0.012 ;  hence  KCl  =  932.14.  By  com- 
paring this  value  with  the  molecular  weight  and  the  compo- 
sition of  argentic  chloride,  CI  was  calculated  at  442.18,  leav- 
ing for  K  the  number  490.  Confirmatory  experiments  were 
loade  on  potassic  perchloride.  The  chlorate  was  purified  by 
recryBtalhzation.  The  weighings  are  for  vacuum.  (Liebig^s 
Amu,  U,  1842,  28.) 


100  ATOMIO  WEIGHT   DETERMINATIONS. 

C.  Marignac  :  S9J16  (0  =  16) ;  244.47  (0  =  100). 

Having  determined  the  atomic  weight  of  chlorine  from 
syntheses  of  argentic  chloridci  and  foand  it  448.2,  the 
molecalar  weight  of  KCl  in  the  last  determination,  gives 
K  =  244.47,  for  vacuum.  Berzelius,  by  rejecting  some 
analyses  and  the  correction  for  vacuum,  deduces  the  value 
244.429.  {BerzeUus'  Jahresbericht,  SB,  1846,  81 ;  BM.  Univ. 
de  Qenhve,  46, 1842,  350.) 

J.  Pblotjzb  :  S9JU  (O  =  16) ;  244.65  (0  =  100). 

A  known  weight  of  KCl  was  brought  into  contact  vnth  a 
known  amount  of  silver  dissolved  in  nitric  acid,  the  chlo- 
ride bein^  slightly  in  excess.  This  excess  was  titrated  with 
a  decimal  solution  of  silver.  The  number  is  the  mean  of 
three  experiments.  Kg  =  1849.01 ;  CI  =  448.2.  The  chlo- 
ride was  prepared  by  heating  the  chlorate  and  recrystalliz* 
ing  the  residue.     {Paris  Comptes  Bend.,  SO,  1846,  1047.) 

According  to  Pelouze,  Levol  found  the  molecular  weight 
of  KCl  466.245,  which  combined  with  Marignac's  value  of 
CI  would  give  K  =  244.645  or  S9.lJiS.    {Ibid.) 

E.  J.  MaumbnS  :   38.96   (O  =  16) ;    248.502    (O  = 
100.) 

The  mean  of  three  experiments  on  the  decomposition  of 
KCl  with  an  excess  of  argentic  nitrate  showed  that  100 
KCl  =  192.75  AgCl.  If  Ag  =  1850.82  and  CI  =  448.67, 
according  to  Maumen^'s  determinations,  the  number  fol- 
lows. The  KCl  was  prepared  from  the  chlorate  by  heat. 
To  confirm  his  values  for  jC  and  CI,  he  made  seven  experi- 
ments on  the  decomposition  of  the  chlorate  by  heat,  and 
found  that  100  chlorate  gave  60.791  chloride.  An  unac- 
counted for  increase  in  the  weight  of  the  flask  occurred  in 
these  experiments.  {Annal.  de  Ghim.  et  de  Phys.j  (8,)  18y 
1846,  41.) 

J.  8.  Stas  :  89.187  (0  =  16).  * 

According  to  the  mean  of  seven  determinations,  100 
parts  of  KCl  dissolved  in  nitric  acid,  and  evaporated  to 
dryness  give  185.6428  parts  of  nitrate ;  extreme  difference, 
0.017.  If  CI  =  85.457;  N  =  14.044;  the  value  follows. 
This  value  is  confirmed  by  previous  experiments  which 
gave  89.180.  Potassic  chloride,  by  whatever  means  it  is 
prepared,  still  retains  silica.     Stas,  therefore,  determined 


BHODIUM.  101 

the  amount  of  silica  in  the  KCl  and  allowed  for  it.  Weigh- 
ings for  vacuum.  (S&w,  Untersuch,  ilber  Chem.  Prop., 
I^zigy  1867.) 

Stas  mentions  that  Dumas,  who  was  the  first  to  place  E 
at  89,  afterwards  became  convinced  that  this  number  was 
too  low.    (i6W,  page  818.) 


HADCLIFPB. 
RHODIUM. 

Begnaalt  has  determined  the  specific  heat  of  rhodium. 
«  corresponds  to  an  atomic  weight  of  about  104.  ( GmeUrir 
^oui,  I  c.) 

J.  J.  Bebzelius  :  10i.S  (0  =16 ). 

jBerzelius  made  two  analyses  of  dipotassic  chlororhodiate. 
This  salt  can  be  completely  desiccated  in  a  current  of  chlo- 
rine at  a  red  heat  without  decomposition.  8.146  grammes 
gave  on  reduction  in  a  current  of  hydrogen  0.930  CI,  and 
the  residue  contained  1.804  ECl  and  0.912  metallic  rhodium. 
[If  KCI  =  74.594,  01  =  85.457,  (Stas,)  the  atomic  weight  of 
the  salt  calculated  from  the  CI  contents  is  859.881,  and  that  of 
Bh  104.272.  The  relation  between  the  Rh  and  the  CI  gives 
Rh  =104.812.  The  relation  between  the  ECl  and  the  Rh 
gives  Kh  =  104.840.  The  mean  is  104.808.]  Berzelius 
made  a  second  analysis  of  the  crvstallized  salt  in  which  he 
determined  the  water  of  crystallization.  [Under  the  same 
suppositions  and  in  the  same  order,  the  resulting  values  for 
Kh  are  106.279 ;  104.762;  108.708.1  In  the  Lehrbuch  only 
the  former  analysis  is  used  to  deauce  the  atomic  weight. 
Rhodium  was  separated  from  other  metals  by  its  insolu- 
bility in  aqua  re^a.  The  double  salt  was  formed  by  heat- 
ing finely  pulverized  Rh  in  mixture  with  KCl  in  a  current 
of  chlorine.  The  double  salt  was  dissolved  in  water,  pre- 
cipitated with  alcohol,  washed  with  alcohol  and  dried. 
(Poggend  Ann.,  IS,  1828,  487;  Kongl.  Vetens.  Mad.  Handle 

In  his  earlier  determination  (Rh  =  750.68  for  0  =  100^ 
Berzelius  mistook  an  hydrated  oxide  for  a  chloride.     {Ibid.) 
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RUBIDroM. 

Kopp  determined  the  specific  heat  of  rubidium  chloride. 
It  corresponds  to  an  atomic  weight  of  about  85.  ( OmeUn- 
Krautj  L  c.) 

KiBGHHOFF  and  BuNSEN :  85.36  (0  =  16). 

Determined  from  the  mean  of  four  experiments  on  the 
precipitation  of  the  chloride  with  argentic  nitrate.  The 
extreme  diflference  was  0.24.  Ag  =  107.94 ;  CI  =  85.46. 
An  impure  mixture  of  rubidium  and  potassium  chlorides, 
nearly  free  from  lithium  and  the  earths,  was  partially  pre- 
cipitated with  platinum  chloride  and  the  precipitate  freed 
from  KCl  by  repeated  boiling  with  water.  The  residue 
was  reduced  in  a  current  of  hydrogen,  the  rubidium  chlo- 
ride extracted  with  water,  and  reprecipitated  with  platinum 
chloride.  This  process  was  repeated  until  the  potassium 
lines  in  the  spectrum  disappeared.  The  rubidium  was  then 
converted  into  a  mixture  of  carbonate  and  oxide,  and  the 
caesium  separated  by  extraction  with  alcohol.  The  amount 
of  silver  precipitated  was  also  tested  from  time  to  time  and 
the  purification  continued  till  this  became  constant.  {Pog- 
gend.  Ann.,  IIS,  1861,  389.) 

J.  PiOCARD :  85.41  (O  =  16). 

Determined  by  four  analvses  of  rubidium  chloride  with 
argentic  nitrate.  The  number  is  the  mean ;  extreme  differ- 
ence, 0.09.  The  separation  of  potassium  from  rubidium 
was  effected  for  the  different  analyses  by  6,  7,  and  8  succes- 
sive partial  precipitations  with  platinum  chloride,  and  the 
separation  of  caesium  by  thirty  successive  extractions  of 
the  anhydrous  carbonates  with  warm  absolute  alcohol.  The 
salt  analysed  was  spectroscopically  pure.  Ag  =  107.94 ; 
CI  =  85.46.  The  experiments  were  made  with  Bunsen's 
assistance.  {Erdmann^s  Joum.  fUr  Prak.  Chem.y  86 y  1862, 
449.) 

L.  Grandeau,  who  is  sometimes  credited  with  making  a 
determination  of  Rb,  expressly  disclaims  doing  so.  He 
mentions  Bunsen's  value  as  the  true  atomic  weight  and  says 
that  his  analyses  of  the  sulphate,  undertaken  to  test  its 

Eurity,  led  him  to  adopt  the  number  85.4 ;  apparently  for 
revity's  sake.     {AnnaL  de  Chim.  et  de  Phya.y  (3,)  67,  1868, 
227.) 
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E.  GtoDBFFROY :  85.476  (0  =  16)- 

Determined  by  foar  analyses  of  rubidium  chloride  prepared 
aod  analysed  exactly  as  Godeffroy  determined  csesium,  q.  v. ; 
extreme  difference,  0.04.  CI  =  86.5 ;  Ag  =  108.  {Liebig's 
Arm.,  181, 1877, 189.) 


RUTHENIUM. 


Bansen  has  determined  the  specific  heat  of  ruthenium. 
It  corresponds  to  an  atomic  weight  of  about  104.  (QmeUn" 
Kraut,  I  c.) 

C.  E.  Glaus  :  104.57  (O  =  16). 

Determined  from  three  analyses  of  potassium  chlororuthe- 
niate  by  the  same  method  Berzelius  had  employed  for  other 
platinum  metals.  Glaus  found  an  average  of  28.788  per 
cent  Ru;  extreme  difference  0.48,  and  41.063  EGl;  ex- 
treme difference,  0.51.  [If  K  =  89.187,  Gl  =  85.457 ;  this 
composition  ^ives  Ru  =  104.57.  Tlie  weighings  as  given 
in  the  memoir  are  misprinted.]  Glaus  also  determined 
the  chlorine  with  silver ;  the  results  were  such  as  to  show 
that  the  salt  was  not  anhydrous,  though  it  had  been  dried 
at  200°  in  an  atmosphere  of  Gl.  The  salt  was  prepared  by 
the  evaporation  of  a  solution  of  ruthenium  and  p'otassic 
hydrate  in  aqua  regia,  solution  of  other  chlorides  of  Ru  in 
dilate  HCl,  and  removal  of  basic  compounds  by  mechanical 
concentration  in  water.  Glaus  later  takes  the  atomic 
weight  of  Ru  =  104.  In  this  memoir  he  puts  it  at  651.887 
(0  =  100,)  104^SS  (0  =  16,)  without  mentioning  the  values 
of  K  and  CI.     {Poggend.  Ann.,  66, 1845,  218.) 


SELENIUM. 


Regnault  determined  the  specific  heat  of  selenium,  which 
^cords  with  an  atomic  weight  of  about  79.     {Ghnetin-KraiU, 
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J.  J.  Bebzeliub  :  79.eS  (O  =  16). 

Berzelius  found  that  100  Se  absorb  179  dry  chlorine  gas, 
and  that  the  product  was  exactly  decomposed  by  water  into 
chlorhydric  acid  and  selenious  acid.  [If  CI  =  35.467  (Stas) 
the  value  follows.]    {Poggend.  Ann.y  8^  1826,  21.) 

F.  Sacc  :  78.65  (0  =  16) ;  490.98  (0  =  100). 

Sacc's  experiments  are  very  discordant.  He  made  three 
experiments  on  the  reduction  of  a  known  weight  of  sele- 
nious acid  with  ammonium  bisulphite  and  chlorhydric  acid. 
The  mean  result  was  8e  =  490.38 ;  extreme  difference,  5.5. 
In  four  experiments  barium  seleniate  was  decomposed  by 
heating  to  redness  with  sulphuric  acid  in  excess.  The  salt 
was  found  to  contain  41.95  selenious  acid ;  extreme  differ- 
ence 0.04.  For  Ba  =  856.877  the  resulting  value  is  491.49. 
The  selenium  was  purified  bv  solution  in  nitric  acid,  evap- 
oration and  sublimation,  and  by  reduction  with  HCl  and 
ammonium  bisulphite.  Selenious  acid  was  prepared  by 
oxidation  with  nitric  acid.  Barium  seleniate  was  prepared 
by  precipitation  of  barium  nitrate  with  sodium  seleniate  and 
heating  to  redness.  Sacc  regards  490.3  as  the  most  prob- 
able vdue  of  Se.  {Annal,  de  Chim.  etdePhys.^  (8,)  Sl^  1851, 
119.) 

A.  SOHBOBTTBR  :  78.6  (0  =  16). 

Details  not  given.  {Kopp's  «7aAre36mcA^,  ^,  1851,  318; 
Sii2.-Berichi  der  k.  k.  Acad.,  6, 1851,  214.) 

Ebdmank  and  Mabohand  :    78.6    (0  =  16) ;    492.5 
(0  =  100). 

Determined  from  experiments  on  mercuric  selenide  by 
the  same  methods  employed  for  the  determination  of  8, 
q.  V.  Three  experiments  gave  71.726,  71.781,  71.741,  per 
cent,  mercury.  {Mrdmann^a  Jowm.  fur  Prak.  Chem.^  66 ^ 
1852,  202.) 

J.  Dumas  :  76.46  (0  =  16). 

Determined  by  seven  experiments  on  the  chloridation  of 
selenium.  The  -chloride  was  condensed  in  a  tube  cooled  to 
—  20^,  after  which  the  escaping  g^ses  were  led  through 
other  tubes  filled  with  asbestos.  The  extreme  difference 
in  the  results  was  0.46.  CI  =  85.5.  {Armed,  de  Chim,  et  de 
Phys.,  (3,)  55,  1859, 129.) 
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0.  PBTTBR880N  and  6.  Ekmak  :  79.08  (O  s=  16). 

Determined  by  five  analyses  of  selenious  acid.  A  warm 
Bolotion  of  the  acid  was  acidified  with  chlorhydric  acid, 
precipitated  with  sulphurous  acid  and  the  selenium  collected 
on  a  ^lass  filter.  Many  precautions  are  necessary  in  the 
precipitation  and  drying.  The  value  is  the  mean ;  extreme 
difference,  0.04.  {Berlin,  Bericht  der  Chem.  Qesell.,  9, 1876, 
1212 ;  in  extenso  in  the  Acta  of  the  Scientific  Soc.  of  Upsala.) 


SILICON. 


The  vexed  question  of  the  composition  of  silicic  acid  has 
been  settled  by  H.  F.  Weber,  who  found  that  the  specific 
heat  of  this  element  becomes  nearly  constant  above  200^ 
and  that  the  atomic  heat  is  6.8  for  Si  ss  28.  (Poggend. 
^nn.,  ISi,  1875,  676.) 

J.  J.  Bbbzblius  :  S9.6S  (O  =  16) ;  186.19  (O  =  100). 

100  parts  of  silicon,  which  had  been  heated  to  redness, 
and  freed  from  silicic  acid  by  hvdrofluoric  acid,  rave  208 
P&fta  silicic  acid,  whence  the  value.  Berzelius  also  made 
^oaljses  of  barium  fluosilicide  from  which  he  calculated 
the  oxygen  'contents  of  the  acid  at  61.976.  This  gives  for 
the  atomic  weight  of  Si  S9M8.  {Poggend,  Ann.,  8, 1826,  20 ; 
*nd  Lehbuch,  8, 1200.) 

J.  Pblouzb  :  ^8.46  (O  =  16 ) ;  177.88  (O  =  100). 

.4  known  weight  of  perfectly  pure  silver,  dissolved  in 
mtric  acid,  was  brought  in  contact  with  a  known  and  slightly 
excessive  weight  of  silicon  tetrachloride  and  the  excess 
Jilted  with  decimal  silver  solution.  The  value  is  derived 
^^  the  mean  of  two  experiments;  diflference  0.76  for  O 
==  100 ;  CI  =  448.2,  Ag  ==  1849.01.  The  chloride  was  pre- 
P^d  by  Ebeltnen ;  it  was  perfectly  transparent,  volatilized 
^^hoQt  residue,  and  had  been  dried  for  a  long  time  in  a 
^^Om.    {Paris,  Qmpies  Bend.,  £0, 1846, 1047.) 

J.  Dumas  :  28.02  (O  =  16). 

^^termined  fi:om  the  mean  of  two  experiments  on  the 
^^fachloride  which  was  weighed  off  in  a  glass  bulb  and 
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introduced,  so  enclosed,  into  a  vessel  containing  water. 
The  bulb  was  broken  and  the  chlorine  contents  titrated  with 
argentic  nitrate.  The  difference  between  the  experiments 
was  0.2  for  O  =  16,  Ag  =  108,  01  =  86.5.  The  chloride 
was  repeatedly  rectified ;  its  boiling  point  was  59^.  {Annal. 
de  Chim.  et  de  Phys.,  (3,)  65,  1859,  129.) 

J.  Sohibl:  28.01  (0  =  16). 

Determined  by  two  analyses  of  the  tetrachloride.  The 
salt  was  decomposed  with  a  slight  excess  of  ammonium 
hydrate  and  the  chlorine  titrated  with  argentic  nitrate. 
The  atomic  weights  of  01  and  Ag  used  are  not  stated. 
Schiel  found  0.6788  silicic  chloride  =  2.277  argentic  chlo- 
ride, and  1.8092  silicic  chloride  =  4.418  argentic  chloride. 
[For  Ag  =  107.98,  01  =  86.457,  these  data  give  Si  = 
28.18,  and  27.89.]    {Liebig's  Arm.,  ISO,  1861,  94.) 


SILVER. 


Dulong  and  Petit,  Segnault  and  others*  have  determined 
the  specific  heat  of  silver  and  found  it  in  accord  with  an 
atomic  weight  of  about  108.     {Ghnelin-KraiUy  L  c.) 

Marobt;  Davy;  Wbnzel;  Wollaston. 

Wollaston  in  his  table  of  equivalents  mentions  that  Marcet 
found  441  01  =  1850  silver,  and  Davy  the  same  quantity  of 
chlorine  =  1860  silver.  Wenzel  found  200  sulphur  =  1860 
silver.     (PAfl.  Trans.,  lOJ^  1814,  21.) 

J.  J.  Bbrzblius:  108.129  (0  =  16);   675.804  (O  = 
100). 

Berzelius  found  that  100  silver  gave  182.76  argentic  chlo- 
ride. Taking  01  =  221.825  he  calculates  Ag  =  1851.607. 
He  expresses  uncertainty  whether  or  no  this  value  should 
not  be  reduced  to  one  half     (Poggend.  Ann.,  8, 1826,  180.) 

E.  Turner  :  108  (0  =  16). 

Turner  determined  the  composition  of  argentic  chloride 
at  100  silver  to  182.8  chloride.     These  numbers  are  for 
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Tacnnm.    If  CI  =  35.42  (Tamer)  the  value  follows.    {PhiL 
Trm.,  m,  1838,  586.) 

F.  Penny  :  107.97  (0  =  16). 

PeDDy  made  six  experiments  on  the  conversion  of  silver 
into  nitrate.  The  silver  was  dissolved  in  cold  nitric  acid, 
the  solution  evaporated,  and  the  nitrate  fased  all  in  one 
flask  and  with  precautions  against  loss  by  spiriting.  He 
found  100  Ag  =  157.441  nitrate ;  extreme  difference,  0.028. 
In  five  experiments  the  nitrate  from  the  preceding  determi- 
nations was  converted  into  chloride,  by  means  of  chlorhy- 
dric  acid,  in  the  same  flask,  dried,  fused,  and  weighed. 
Penny  could  detect  no  decomposition  in  fusion.  He  found 
100  Ag  =  182.8872  chloride ;  extreme  difference,  O.Ol.  In 
two  experiments  silver  was  dissolved  in  nitric  acid,  precipi- 
tated with  chlorhydric  acid,  evaporated  and  fused,  giving 
182.830  and  132.838.  The  mean  of  all  seven  experiments 
ia  132.836.  Pennv  takes  182.887.  Prom  the  relations  of 
the  chlorides,  chlorates,  and  nitrates  of  potassium  and 
sodium,  Penny  had  determined  the  difference  between  the 
atomic  weights  of  a  chloride  and  a  nitrate  at  26.565.  This 
gives  the  molecular  weight  of  argentic  chloride  at  148.424 
and  Ag=  107.97.  The  silver  used,  as  well  as  the  water 
and  the  acids,  were  carefully  tested  for  impurities  and  a 
minute  amount  of  solid  residue  in  the  twice  distilled  water 
^and  in  the  acids  was  allowed  for.  The  weighings  were  all 
reduced  to  vacuum.    {PhU.  Trans.,  1£9, 1839,  27.) 

•  • 

C.  Mabignao  :  108  (0  =  16) ;  675  (O  =  100). 

Silver  was  dissolved  in  nitric  acid  and  precipitated  with 
chlorhydric  acid.  One  experiment,  reduced  to  vacuum, 
gave  100  silver  =  182.74  chloride,  which  Marigtiac  consid- 
ered confirmatory  of  Berzelius'  value,  182.75.  He  therefore 
adopted  the  latter  number.  100  potassic  chloride  were 
found  to  produce  192.26  argentic  chloride,  in  two  experi- 
ments, the  difference  between  which  was  0.01.  By  analysis, 
by  means  of  heat,  of  potassic  chlorate,  Marignac  had  found 
the  molecular  weight  of  the  chloride  982.14,  these  relations 
give  the  molecular  weight  of  argentic  chloride  at  1792.18 
and  the  atomic  weiffht  of  silver  at  1860.  The  potassic 
chloride  was  prepared  by  heating  the  chlorate  and  cooling 
the  resultinc:  chloride  over  sulphuric  acid.  (Liebig*s  Ann., 
^1842,28!) 
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0.  Mabignao  :  107. 9Se  (0  =  16) ;  674.606  (O  =  100). 

Marignac  redetermined  the  relation  between  silver  and 
potassic  chloride  by  Pelouze's  method.  He  found  100  Ag 
=  69.062  KCl  in  six  experiments,  the  extreme  difference 
between  which  was  0.018.  In  five  experiments  he  found 
100  KOI  =  192.848  Ag;  extreme  difference  0.04.  He  also 
redetermined  the  composition  of  areentic  chloride.  The 
silver  was  dissolved  in  a  long-necked  flask  and  the  fumes 
passed  into  a  second  flask  containing  water.  Solution  being 
effected,  the  water  from  the  second  flask  was  added  to  the 
contents  of  the  first,  and  the  whole  precipitated  with  HCl. 
The  chloride  was  washed,  dried,  melted  and  weighed  in  the 
same  fiask.  The  result  was  100  Ag  =  182.84  chloride ; 
extreme  difference  0.019.  Combination  of  these  data  with 
Marignac's  old  value  for  the  molecular  weight  of  ECl, 
982.14,  gives  Ag  =  1849.01.  All  weighings  reduced  to 
vacuum.  Berzelius  revised  the  result  by  throwing  out  one 
experiment  and  by  rejecting  the  correction  for  vacuum. 
He  thus  got  Ag  =  1849.66.  {Berzeliua*  Jakresbericht^  £^ 
68;  S6,  81 ;  Bibl  Univ.  de  Qenhe,  46, 1842,  860.) 

In  opposition  to  Front's  hypothesis,  Marignac  cites  his 
analyses  of  argentic  acetate,  in  which  the  escaping  gases 
were  forced  to  pass  over  porous  silver.  They  gave  m  three 
experiments  64.664  silver  from  100  acetate;  extreme  dif- 
ference 0.006.  If  C  =  76,  this  gives  Ag  =  1849.6.  He . 
also  found  100  Ag  =  167.466  nitrate.  [&  K  =  87.6,  this 
^ves  Ag  =  1848.88.]  He  also  found  100  Ag  =  49.666 
ammonium  chloride.  {Liebifs  Ann.,  69,  284;  BibL  Univ. 
de  Genive,  1846.) 

LiBBiG  and  Bbdtenbaohbb  ;  Stbbokbb  :  107. 90S  (O 
=  16) ;  674.895  (0  =  100). 

Strecker  recalculated  Liebig  and  Redtenbacher's  analyses 
of  argentic  acetate,  tartrate,  racemate  and  malate  by  the 
method  of  least  squares,  and  from  the  difference  in  the 
atomic  composition  of  these  salts.  He  obtained  for  Ag  the 
value  1848.79.  Vusk  Carbon.     {Uebig's  Ann.,  69, 1846,  280.) 

E.  J.  MAxriiKirfi:   108.026  (0  =  16);   676.16  (O  «r 
100). 

In  foar  experimenta  argentic  oxalate  was  mixed  with  sand 
in  a  flask  and  decomposed  by  heat  in  a  current  of  air.    The 
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products  of  decomposition  were  passed  over  cupric  oxide, 
and  through  drying  tabes  and  potash  tubes.  In  five  experi- 
ments the  acetate  was  treated  in  the  same  way,  but  not 
mixed  with  sand.  The  mean  result  was  Ag  =  1850.82 ; 
extreme  difference  0.77.  Maumen6  found  it  very  difficult 
to  parify  the  oxalate,  which  showed  traces  of  nitric  acid 
after  100  washings.  '  {Annul,  de  (Mm.  el  de  Phys.^  (8,)  18, 
im,  41.) 

J.  S.  Stas  :  107.98  (O  =  16). 

Thirteen  syntheses  of  argentic  iodide,  performed  by 
brioging  hydroiodic  acid  in  contact  with  argentic  sulphate 
or  nitrate,  gave  100  Ag  =  117.6848  iodine.  Three  analyses 
of  argentic  iodate,  performed  by  decomposition  by  heat  in 
a  current  of  nitrogen  or  by  reduction  of  the  salt,  while  in 
suspension,  by  a  current  of  sulphurous  anhydride,  gave 
Agl  =  284.779.  Hence  Ag  =  107.928.  Four  syntheses  of 
the  bromide,  performed  by  bringing  hydrobromic  acid  in 
contact  with  argentic  sulphate,  gave  100  Ag  =  74.0805  Br. 
Two  analyses  of  argentic  bromate,  by  reduction  while  in 
suspension  with  sulphurous  anhydride,  gave  Ag  Br  = 
187.87.  Hence,  Ag  =  107.921.  Seven  syntheses  of  argen- 
tic chloride,  three  of  them  by  combustion  of  silver  in  dilo- 
nne,  three  by  precipitation  with  HCl,  and  one  by  precipita- 
tion with  ammonium  chloride,  gave  100  Ag  =  82.8446  CI. 
Stas  adopts  the  number  82.86  on  the  supposition  that  no 
excess  of  chlorine  was  possible.  The  chloride  was  fused. 
Two  analyses  of  the  chlorate,  accomplished  by  heat  or  by 
evaporation  with  chlorhydric  acid,  gave  Ag  CI  =  148.896. 
Hence  Ag^  107.987.  Five  syntheses  of  the  sulphide,  per- 
formed by  heating  silver  in  a  current  of  sulphur  vapor,  or 
of  hydrogen  sulphide,  gave  100  Aff  =  114.8622  argentic 
sulphide.  Six  analyses  of  the  sulphate  by  reduction  in  a 
current  of  hydrogen,  showed  that  100  sulphate  contained 
69.203  silver,  hence  Ag  =107.920,  [107.926  ?  vide  Sulphur.! 
From  analysis  of  potassium  chlorate,  Stas  had  determined 
the  molecular  weight  of  KCl  at  74.69.  By  twenty-four 
determinations  he  found  100  Ag  =  69.108  ECl,  hence 
Ag  =  107.948.  The  silver  was  prepared  either  by  LevoPs 
method  or  by  decomposing  an  ammoniacal  solution  of 
argentic  nitrate  with  a  mixture  of  ammonium  sulphite  and 
A  copper  salt.  The  metal  was  heated  to  the  boiling  point 
until  the  sodium  line  disappeared  and  the  metallic  fumes 
^ere  a  pale  blue.  To  test  its  purity,  it  was  compared  with 
<listilled  silver.    See  Stas's  determinations  of  CI,  Br,  I,  S, 
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and  K.    All  weighings  reduced  to  vacuum.     {StaSy  Unier- 
such,  iiber  Chem.  jProp.^  Leipzig y  1867.) 


SODIUM. 


The  specific  heat  of  sodium  has  been  determined  b' 
nault  and  indicates  an  atomic  weight  of  about  28.     {^meUn" 
Kraut  J  L  c.) 

H.  Davy  ;  P.  H.  Wollaston  :  SSM  (0  =  16) ;  146.6 
(O  =  100). 

Davy  found  that  184  CI  combine  with  88  Na  to  form 
sodium  chloride.  If  01  =  441,  the  value  follows.  {Phil. 
Trans.,  lOJ^,  1814,  20.) 

J.  J.  Bebzblius  :  2S.16Ji,  (0  =  16). 

Berzeliup  found  that  100  Na  01  =  244.6  Ag  01.  [If  Ag 
01  =  143.887,  (Stas,)  the  value  follows.]  {Poggend.  Arm.,  8, 
18^6, 189.) 

F.  Penny  :  28.046  (0  =  16). 

Penny  made  four  experiments  on  the  conversion  of  the 
chlorate  into  the  chloride  by  means  of  HOI.  A  known 
weight  of  the  salt  was  dissolved  in  a  flask  in  the  acid  and 
evaporated,  dried  and  weighed  without  removal.  The 
sodium  chloride  was  not  fused.  The  mean  result  was  that 
100  chlorate  equals  54.930  chloride;  extreme  difference,  0.02. 
This  relation  ^ves  the  molecular  weight  of  the  chloride  at 
58.5.  Penny  bad  found  the  atomic  weight  of  01  =  86.454 ; 
hence  the  value  for  Na.  [If  01  =  85.457  (Stas,)  Na  = 
28.048.  Stas  himself  found  28.048.]  The  sodium  chlorate 
was  prepared  by  precipitating  potassium  chlorate  with 
sodium  Ditartrate,  and  purifying  the  sodium  chlorate  by 
recrystallization.  The  weighings  are  for  vacuum.  {Phil. 
Trans.,  1£9, 1889,  25.) 

J.  Pblouzb  :  SZ.97  (0  =  16) ;  148.59  (O  =100). 

A  known  weight  of  perfectly  pure  silver  was  dissolved 
in  nitric  acid,  and  brought  in  contact  with  a  known  and 
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slightly  excessive  weight  of  sodium  chloride,  and  the  excess 
titrated  with  decimal  silver  solution.  The  mean  result  of 
three  experiments  was  that  100  Ag  =  51.141  Na  CI;  ex- 
treme difference,  0.083.  The  value  follows  for  Ag  = 
1349.01 ;  CI  =  443.2.  The  sodium  chloride  was  prepared 
either  from  sodium  sulphate  and  barium  chloride,  or  from 
sodium  carbonate  and  chlorhydric  acid,  or  from  a  very  pure 
rock  salt  It  was  repeatedly  recrystallized  and  was  dried 
at  200°  or  melted.     (Paris  Comptes  Bend.,  SO,  1845, 1047.) 

J.  Dumas  :  23.011  (0  =  16). 

Determined  from  the  mean  of  seven  experiments  on  the 
titration  of  sodium  chloride  with  argentic  nitrate ;  extreme 
difference,  0.09.  Ag  =  108 ;  CI  =  86.5  [Dumas  gives  the 
meau  as  23.014  instead  of  28.0114.1  For  five  experiments 
Na  CI  recrystallized  ten  times  ana  melted  was  employed. 
For  two  experiments  (giving  an  average  of  28.086)  the 
residue  from  the  incineration  of  the  acetate  was  used  to 
prepare  Ka  CI,  which  was  recrystallized  four  times  and 
melted.    {Annal.  de  Ohim.  et  de  Phys.,  (3,)  55, 1859, 129.) 

J.  8.  Stab  :  28.043  (O  =  16).  ^ 

According  to  the  mean  of  10  determinations  100  A^  == 
54.2078  Na  CI;  extreme  difference  0.0038.  The  sodium 
chloride  was  found  to  contain  a  minute  quantity  of  silicic 
acid  which  reduces  the  result  from  Ka  =  23.049  to  23.045 
for  Ag  =  107.98 ;  CI  =  35.457.  According  to  the  mean  of 
five  determinations  100  Na  CI  =  145.4526  sodium  nitrate ; 
extreme  difference  0.025.  If  N  =  14.044  this  gives  Na  = 
23.045.  The  lowest  determination  gives  Na  =  23.042.  The 
sodium  chloride  was  purified  by  recrystallization  and  in  part 
by  conversion  into  sodium  chloroplatinate.  The  weighings 
are  for  vacuum.  (S&w,  Untersuch.  Uber  Chem.  Prop.^  Leip- 
^,  1867.) 


8TE0NTIDM. 


Begnault  determined  the  specific  heat  of  strontium  chlo- 
ride. It  corresponds  to  an  atomic  weight  of  about  87.5. 
(Omdm-Kraut,  L  c.) 
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M.  H.  Klaproth  ;  F.  H.  Wollaston  :  94.4  (O  =  16) ; 
690  (0  =  100). 

Klaproth  fonild  42  sulphuric  anhydride  =  58  strontium 
oxide ;  whence  the  value  for  8  =  200.  {Phil.  Trans.,  IOj^ 
1814,  20,) 

P.  Strombybr;  87.S4  (0  =  16);  545.929  (0  =  100). 

According  to  Berzelius,  Stromejer  found  that  100  stron- 
tium chloride  =  181.25  argentic  chloride;  whence  the  value, 
for  Ag  =  1849.66;  a  =  221.64.  (Berzelius'  Lehrbuch,  5, 
1229.)  In  GUberes  Ann.,  64^  1816,  251,  Stromever  refers  to 
this  analysis  as  by  Y.  Rose.  Stromeyer  himself  found  0.5 
grm.  carbonate  =  75.5894  c.  c.  carbon  di-oxide  [which 
gives  Sr  =  88.26  if  1000  c.  c.  carbon  di-oxide  weigh 
1.9648S  grm.]  Stromeyer  calculated  Sr  =  552.28  for  O  = 
100. 

— .  Salvbtat  :  88  (O  =  16) ;  550  (0  =  100). 

Determined  from  the  loss  of  weight  of  strontium  carbo- 
nate by  calcination  and  on  driving  off  carbon  di-oxide  with 
sulphuriQ  acid.  Details  not  given.  {Paris  Oomptes  Send., 
17, 1848,  818.) 

J.  Pblouzb  :  87.68  (O  =  16) ;  548.02  (O  =  100). 

A  known  weight' of  perfectly  pure  silver  was  brought  in 
contact  with  a  known  and  slightly  excessive  amount  of 
strontium  chloride  and  the  excess  titrated  with  decimal 
silver  solution.  The  number  is  the  mean  of  two  experi- 
ments; extreme  difference,  0.2.  Ag  =  1849.01;  Cl  = 
448.2.  The  chloride  was  purified  by  recrystallization  and 
was  dried  at  200^  or  below  redness.  {Paris  Oomptes  Bend., 
W,  1047.) 

C.  Mariqnao  :  87.54  (O  =  16). 

Marignac  made  experiments  on  three  different  prepara- 
tions of  strontium  chloride,  (1,)  (2,)  (8.)  Compared  with 
silver  by  Pelouze's  method  it  was  found  that  ten  grammes 
strontium  chloride  =  (1)  8.108 ;  (2)  8.099 ;  (8)  8.101  silver. 
The  same  strontium  chloride  converted  into  sulphate  eave 
(1)  6.887 ;  (2)  6.8855 ;  (8)  6.884  sulphate.  In  both  these 
series  of  experiments  the  strontium  was  Tyeighed  as  air- 
dried,  hydrous,  crystalline  chloride.     Comparison  gives  Sr 


SULPHUR.  113 

=  (1)43.79;  (2)43.82;  (8)43.77.  In  each  experiment  of 
the  latter  eeries  the  water  was  determined  by  driving  it  off 
at  a  red  heat.  It  was  proved  that  the  chloride  does  not 
undergo  decomposition  at  this  temperature,  and  the  water 
coDtents  was  found  to  vary  no  more  than  0.0005  of  the 
total  weight.  In  three  more  experiments  the  water  was 
determined,  and  the  anhydrous  salt  analysed  by  Pelouze's 
method  giving  (1)  43.77 ;  (2)  43.74 ;  (3)  48.76.  Ag  =  108 ; 
CI  =  85.5 ;  S  =  16.  The  chloride  was  prepared  (1)  from 
the  chemically  pure  chloride  of  commerce  by  precipitating 
barium  with  sulphuric  acid,  separation  of  lime  by  precipi- 
tation of  the  strontium  chloride  by  HCl  gas  and  washing 
with  chlorhydric  acid.  The  purity  was  tested  by  the  solu- 
bility of  a  portion  converted  into  sulphate.  The  chloride 
was  finally  redissolved  and  precipitated  with  alcohol.  (2) 
was  prepared  from  (1)  by  a  repetition  of  the  same  process. 
(8)  was  prepared  from  (2)  by  recrystallization.  {Bm.  Univ.^ 
Arch,  des  Sciences,  (2,)  i,  1858,  220.) 

J.  Dumas  :  87.52  (O  =  16). 

Determined  from  the  mean  of  six  experiments  on  the 
analysia  of  strontium  chloride  with  argentic  nitrate.  The 
extreme  difference  was  0.14,  CI  =  35.5 ;  Ag  =  108.  The 
salt  was  purified  by  boiling  with  sulphuric  acid,  and  pre- 
cipitation with  and  recrystallization  from  chlorhydric  acid. 
These  processes  were  in  some  cases  several  times  repeated. 
The  pnre  salt  was  fused  in  a  current  of  HCI  gas.  {Annal. 
de  CIm.  et  de  Pht/s.,  (8,)  66,  1859, 129.) 


SOLPHUR. 


Deville  and  Troost  and  others  have  determined  the  den- 
sity of  sulphur  in  the  gaseous  form.  It  corresponds  to  an 
atomic  weight  of  about  32.  The  specific  heat  of  sulphur 
also  agrees  moderately  well  with  this  value.  {O-melin-Kraut, 
^  c. ;  L.  Meyer,  L  c.) 

J.  J.  Berzblius  ;  F.  H.  Wollaston  :  SIS  (0  =  16) ; 
200  (0=  100). 

According  to  Wollaston,  Berzelius  found  that  plumbic 
sulphide  was  composed  of  86.64  lead  and  13.36  S.  Hence 
the  value,  for  lead  =  1295.     {Phil.  Trans.,  10^,  1814,  20.) 

8 
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J.  J.  Berzblius  :  Se.l9  (0  =  16)  201.165  (O  =  100). 

A  known  weight  of  lead  was  dissolved  in  pare  nitric  acid, 
precipitated  witn  sulphuric  acid  and  evaporated.  The  mean 
result  of  four  experiments  was  that  100  Pb  s=  146.44  aal- 
phate.  The  variation  was  only  in  the  fifth  figure.  If  lead 
s  1294.498  the  value  follows.  p[f  this  relation  is  recalcula- 
ted with  Stas's  atomic  weight  of  lead,  8  =  82.096.]  {Poggend. 
Ann.  8, 1826, 16.) 

E.  TuBNER :  82.17  (O  =  16). 

Determined  from  syntheses  of  plumbic  and  baric  sul- 
phates. The  former  ffave  16.088,  the  latter,  16.087.  Ba  = 
68.7,  Pb  =  103.6.  The  numbers  are  for  vacuum.  Vide 
Barium  and  Lead.     {Phil  Trans.,  US,  1833,  539.) 

T.  Thomson  :  SS  (O  =  16) ;  200  (0  =  100). 

This  chemist  found  the  specific  gravity  of  sulphurous 
acid  in  mean  of  two  experiments,  2.22216,  almost  exactly 
double  1.1111  wh}ch  he  takes  (on  utterly  untenable  grounds) 
for  the  specific  gravity  of  oxygen.  iJbrdmann^s  Joum.  fiir 
Prak.  Chem.j  5, 1886,  870;  Records  of  General  Science  by  JR. 
D.  Thomson,  1836, 179.) 

Erdmann  and  Marohand  :  Sg.004  (O  =  16) ;  200.026 
(O  =  100). 

Determined  by  four  experiments  on  the  decomposition  of 
mercuric  sulphide  by  copper,  in  a  current  of  carbon  di- 
oxide, the  mercury  being  caught  in  a  cold  receiver.  The 
mean  composition  was  found  to  be  for  vacuum  86.211  mer- 
cury and  13.789  sulphur,  extreme  difference,  0.017  Hg.  If 
Hg  =  1250.6,  the  value  follows.  In  purifying  the  sulphide 
it  was  first  heated  to  drive  off  excess  of  sulphur  and  then 
sublimed  three  times,  the  first  and  last  portions  of  the  sub- 
limate being  rejected.  (Mrdmann^s  Joum.  fiir  Prak.  Cheni.^ 
SI,  1844,  896.) 

J.  J.  Bbbzblius  :  SS.IS  (0  =  16) ;  200.76  (O  =  100). 

Berzelius'  former  value,  201.165,  is  changed  by  the  new 
value  for  lead,  1294.645  to  200.8017.  Thretf  new  experi- 
ments were  made  by  gently  heating  argentic  chloride  in  a 
current  of  hydrogen  disulphide.  The  ,mean  of  three  ex- 
periments gives  B  =  200.706 ;  extreme  difierence  0.11.  CI 
=  448.38,  Ag  =  1849.66.  {BerzeUus'  Jahresbericht,  26, 1846, 
87,  and  Lehrbuch,  S,  1185.) 
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H.  Struvb:  32.002  (0  =  16). 

Determined  by  eix*  experiments  on  the  reduction  of  a 
known  weight  of  argentic  sulphate  in  a  current  of  hydro- 
gen. The  number  is  the  mean ;  extreme  difference,  0.146. 
Ag  =  108.  The  sulphate  was  prepared  by  precipitating 
the  nitrate  with  an  excess  of  sulphuric  acid,  and  drying  at 
a  high  temperature.  (Liebig^s  Ann.y  80 j  1851,  203;  Berze- 
M  Jahresbericht,  SO^  20.) 

J.  Dumas  :  82.0196  (0  =  16). 

Determined  by  five  experiments  on  the  combustion  of 
silver  in  sulphur  vapor.  The  number  is  the  mean;  ex- 
treme difference,  0.054.  Ag  =  108.  The  sulphur  was 
purified  by  repeated  distillati9n.  The  silver  was  heated  to 
redness  in  a  current  of  sulphur  vapor,  the  excess  of  sulphur 
being  afterwards  distilled  off  in  a  current  of  carbon  di-oxide. 
[Amal,  de  Chim.  et  de  Phys.,  (8,)  65y  1859, 147.) 

J.  S.  Stas  :  32.0742  [?]  (0  =  16). 

According  to  the  mean  of  six  analyses  of  argentic  sul- 
phate by  decomposition  in  a  current  of  hydrogen  at  as  low 
a  temperature  as  possible,  100  sulphate  yield  ^9.203  [more 
exactly  69.20317]  silver ;  extreme  difference,  0.012.  Five 
syntheses  of  the  sulphide,  performed  by  heating  silver  in  a 
current  of  sulphur  vapor  or  hydrogen  disulphide,  showed 
that  100  silver  =  114.8522  sulphide;  extreme  difference, 
0.005.  By  comparing  these  figures,  which  are  for  vacuum, 
Stas  deduces  S  =  32.0742 ;  Ag  =  107.920.  [There  seems 
to  be  a  trifling  error  in  this  calculation.  The  weighings 
seem  to  be  correct,  for  the  means  correspond  to  the  de- 
tails given.  As  given,  the  numbers  indicate  S  =  32.058 ; 
Ag  =  107.926.  The  latter  is  almost  identical  with  Stas's 
mean  value,  107.930.]  The  sulphate  was  prepared  by  the 
action  of  sulphuric  acid  on  argentic  nitrate,  or  by  solution 
of  silver  in  sulphuric  acid.  The  salt  was  heated  above  the 
boiling  point  of  sulphuric  acid.  {Stas^  [Inters,  iiber  Chem. 
^V'f  Itifzig,  1867.) 
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TANTALITTM. 

Deville  and  Troost  have  determined  the  vapor  density  of 
tantaliam  chloride.  It  agrees  with  an  atomic  weight  of 
182.     {Paris  Comptes  Bend.,  6j^  1867,  294.) 

J.  J.  Berzblius  :  167.74  (O  =  16). 

Berzelios  decomposed  the  sulphide  in  dry  chlorine  gas 
and  decomposed  the  resulting  chloride  with  water.  99.75 
parts  sulphide  yielded  89.35  tantalic  acid.  On  the  suppo- 
sition that  the  acid  contains  three  atoms  of  oxygen  Berze- 
lius  calculates  the  atomic  weight  at  1148.865  for  S  =  200.75. 
[If  the  acid  contains  five  atoms  of  oxygen  the  value  becomes 
167.74.]  {Poggend.  Ann.y  4,  1825,  14,  and  Lehrbuch^  5, 
1209.) 

Rose  denies  that  the  sulphide  formed,  as  Berzelius  pre- 
pared it,  by  heating  tantalium  in  carbon  disulphide  vapor 
IS  a  constant  compound.  {Poggeni.  Ann.,  99 ^  580.)  Marig- 
nac,  however,  shows  that  Berzelius,  Rose  and  Hermann, 
obtained  constant  results  from  its  analysis,  from  89.50  to 
90  acid  from  100  sulphide.  If  Ta  =  182,  the  sulphide 
would  give  90.24  acid.    {Lkbig's  Arm.,  S,  4, 1866, 358.) 

H.  Rose  :  172  (O  =  16). 

Out  of  twelve  analyses  of  the  chloride,  in  which  both 
the  chlorine  and  the  tantalic  acid  were  determined.  Rose 
selected  two  in  which  the  agreement  was  best.  [These 
analyses  calculated  for  Ag  ==  107.98,  CI  =  35.457,  sjve  Ta 
=  1/1.96.]  The  chloride  was  prepared  from  tantalic  acid 
especially  freed  from  tungsten  and  tin  hj  mixing  with  car- 
bon, drying  in  carbon  di-oxide,  and  heating  in  a  current  of 
chlorine  in  which  the  salt  was  allowed  to  cool.  Excess  of 
chlorine  was  expelled  by  dry  air,  and  the  salt  was  hermeti- 
cally sealed  in  glass.  Kose  supposed  the  acid  to  contain 
two  atoms  of  oxygen  and  therefore  deduces  the  value  859.81 
.  (O  =  100).    {Poggend.  Ann.,  99, 1856,  75.) 

Marignac  seems  to  prove  that  the  material  with  which 
Rose  dealt  contained  niobium.  He  states  that  the  chlorides 
of  the  two  elements  cannot  be  separated  from  one  another, 
and  that  there  are  no  characteristics  by  which  their  parity 
can  be  decided.    {Liebig's  Ann.,  S,  ^,  1866,  852.) 


i 
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B.  HSRHANN  : 

Hermann  made  many  analyses  of  tantalium  salts  to 
which,  however,  he  a&cribcd  quite  incomprehensible  for- 
mulas. Marignac  has  shown  that  his  methods  were  utterly 
inadequate  to  produce  pure  preparations.  He  assumes  two 
atoms  of  tantalium  and  three  atoms  of  oxygen  in  the  acid 
and  gives  the  atomic  weight  as  645.  (O  =  100.)  {Erd- 
TnamCs  Joupx.fiiT  Prak.  Chem.^  70^  1857,  198.) 

C.  Marignac  :  182  (O  =  16). 

Berzelius',  Rose's  and  Marignac's  analyses  of  the  double 
fluoride  of  tantalium  and  potassium  show  that  the  fluorine 
is  combined  with  Ta  and  potassium  in  proportions  of  two 
to  five.  The  salt  has  also  exactly  the  crystal  form  of  the 
niobium  salt.  Hence  the  acid  is  a  ditantalic  pentoxide. 
Four  experiments  were  made  on  this  salt  by  drying  at 
100°,  moistening  with  sulphuric  acid  and  heating  grad- 
ually till  the  excess  of  acid  was  driven  off.  The  potassic 
sulphate  was  leached  out,  evaporated,  melted  and  weighed, 
and  the  tantalic  acid  heated  to  redness  and  weighed.  The 
mean  potassic  sulphate  contents  was  found  to  be  44.29  per 
cent;  extreme  difference,  0.15.  The  mean  amount  of  tan- 
talic acid  obtained  was  56.59;  extreme  difference,  0.25.  If 
K  =  89,  these  data  give  Ta  =  182.8.  Pour  analyses  were 
also  made  of  the  ammonium  salt.  This  contained  traces 
of  potassium  which  were  determined  and  allowed  for  in. 
each  case.  The  mean  amount  of  tantalic  acid  obtained  was 
65.25  per  cent;  extreme  difference,  0.84.  This  gives  Ta  = 
182,  the  number  which  Marignac  adopts.  The  salts  were 
obtained  by  dissolving  tantalic  acid,  which  had  not  been 
heated  to  redness,  in  fluohydric  acid,  adding  potassic  or 
ammonic  hydrate  and  purifying  by  recrystallization.  These 
salts  are  much  less  soluble  than  the  corresponding  niobium 
and  titanium  salts.    {Liebifs  Ann.,  S.  4,  1866,  284.) 


TELLURIUM. 


Kegnault  and  Kopp  have  each  determined  the  specific 
heat  of  tellurium  and  found  it  in  accord  with  an  atomic 
weight  of  about  128.    {GmeUn- Kraut j  L  c.) 
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J.  J.  Berzblius  1S9.0S  (0  =  16) ;   806.452  (O  = 
100). 

A  known  weight  of  metallic  tellarium  was  oxidized  with 
nitric  acid,  the  excess  of  acid  being  driven  off  by  heat.  It 
was  found  that  100  Te  gave  124.8  tellurious  acid.  {Poggend. 
Ann.,  8, 1826,  24.) 

J.  J.  Berzblius  :  128,S8  (O  =  16) ;  801.76  (O  = 
100). 

Determined  as  before  but  with  purer  material.  Three 
experiments  were  made,  which  gave  802.888, 801.786, 801.74. 
Berzelius  took  the  mean  of  the  latter  two.  The  tellurium 
was  prepared  from  tetradymite  by  heating  with  potassium 
carbonate  and  olive  oil  in  a  closed  crucible,  dissolving  the 
potassium  telluride  so  formed  in  water  free  from  air,  pre- 
cipitating the  tellurium  by  a  current  of  air  and  distilling  it 
in  a  current  of  hydrogen.    {Poggend.  Ann.,  32, 1834, 16!) 

K  VON  Haubr  :  128.06  ( O  =  16). 

Determined  from  the  mean  of  five  experiments  on  the 
precipitation  of  bromine  with  argentic  nitrate  from  the 
double  bromide  of  potassium  and  tellurium.  The  bromine 
contents  was  found  to  be  69.9286  per  cent.,  for  Ag  =  108.1 ; 
Br  =  80;  extreme  difference  0.172.  If  K  =  89.2,  the 
value  follows.  The  salt  was  prepared  by  mixing  tellurium 
and  potassic  bromide  in  atomic  proportions,  adding  water 
and  bromine,  heating  to  drive  off  excess  of  bromine  and 
repeated  recrystallization.  {ErdmamCs  Joum.  fur  Prak. 
Chem.,  73, 1858,  98;  ^iz-Berkht  derkk.  Acad.) 

J.  Dumas  :  129  (0  =  16). 

No  details  are  given.  (Anncd.  de  Chim.  ei  de  Phys.,  (8,) 
66, 1859, 129.) 


THALLIUM. 


Begnault  determined  the  specific  heat  of  thallium.    It 
agrees  with  an  atomic  weight  of  204.    {OmeUn-Kraut,  L  c.) 

A.  Lamy  :  204  (0  =  16). 
Three  analyses  of  the  chloride  with  argentic  nitrate  gave 


THALLIUM.  119 

B  mean  of  204;  extreme  difference  1.2.  An  experiment  on 
the  precipitation  of  the  sulphate  with  barium  nitrate  gave 
204.3.  |The  atomic  weights  used  were  probably  those  ac- 
cepted by  Dumas.]  The  salts  were  purined  by  recrystalli- 
zation.    {Annal.  de  Chim.  et  de  Phys.,  (8,)  67, 1868,  411.) 

W.  Cbookbs  :  202.96  (0  =  16). 

These  determinations  were  made  from  the  sulphate,  which 
was  prepared  with  great  care.  By  decomposing  the  sulphate 
with  potassic  iodide  and  weighing  the  thallic  iodide  formed, 
the  atomic  weight  was  found  at  202.78 ;  by  precipitation 
with  barium  nitrate,  208.55 ;  with  chlorhydric  acid  and 
alcohol,  thallic  chloride  being  weighed,  201.85 ;  from  the 
amount  of  snlphate  produced  from  a  known  weight  of  metal, 
203.1 ;  by  precipitation  with  platinum  chloride,  208.56.  The 
values  taken  for  CI,  I,  etc.,  are  not  given ;  [they  were  prob- 
ably those  accepted  by  Dumas.]  (Erdmann's  Joum.  far 
Prak,  Chm.,  9»j  1864,  277 ;   Chem.  News.) 

H.  Wbrthbb  :  204  (0  =  16). 

In  five  experiments  Werther  decomposed  thallic  iodide 
with  potassic  hydrate  and  zinc,  both  perfectly  pure,  and 
precipitated  the  iodine  with  silver.  The  mean  result  of 
these  experiments  was  Tl  =  204.4 ;  extreme  difference  1.7. 
[The  vafoe  assnmed  for  I  is  not  stated.  One  experiment, 
which  gave  exactly  204,  according  to  Werther,  recalculated 
for  Ag  =  107.98 ;  I  =  126.85  gives  Tl  =  208.68.]  Three 
experimeDts  were  made  by  decomposing  the  iodide  with 
ammoniacal  solution  of  argentic  nitrate  and  weighing  the 
argentic  iodide  formed.  These  determinations  gave  Tl  = 
203.47;  extreme  difference  0.8.  The  preparation  of  the 
iodide  is  not  given.  {Erdmann^s  Joum.  fur  Prak.  Chem.,  92 j 
1864, 136.) 

M.  Hebbbrling  :  208.94  (0  =  16). 

Hebberling  made  three  experiments  on  the  sulphate  by 
precipitation  with  barium  chloride,  which  gave  in  mean  Tl 
=  204.13;  extreme  difference  0.2.  He  also  made  two  ex- 
periments on  the  chloride  by  precipitation  with  argentic 
nitrate.  These  gave  208.8  and  208.5.  The  atomic  weights 
aBsntned  are  not  stated.  [If  Ag  =  107.98 ;  CI  =  85.457 ; 
the  first  analysis  of  the  chloride  gives  Tl  =  208.44.  The 
data  for  the  second  analysis  are  misprinted.  If  a  probable 
correction  of  a  single  figure  is  made,  the  data  give  Tl  = 
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208.026.]      The  salts  were  purified  by  recrystallization. 
{Liebig's  Ann.,  IS^,  1865, 11.) 

W.  Crookbs  :  204^.166  (O  =  16). 

Determined  by  experiments  on  the  solution  of  metallic  thal- 
lium in  nitric  acid  and  evaporation  to  dryness.  The  number 
is  the  mean  of  ten  experiments ;  extreme  difference,  0.088. 
The  balance  stood  in  a  partial  vacuum,  and  the  weighings 
were  made  at  two  different  pressures  and  calculated  for 
vacuum.  Very  elaborate  precautions  were  taken  through- 
out. Crookes  also  mentions  determinations  made  with 
barium  nitrate,  but  gives  no  data.     The  thallium  was  pre- 

Sared  in  seven  different  lots  by  the  reduction  of  as  many 
ifferent  salts  which  had  been  purified  by  recrystallization 
&c.  The  metal  was  fused  in  lime.  The  reagents  were  ex- 
pecially  prepared  by  methods  similar  to  those  of  Stas. 
Crookes  took  N  =  14.009,  O  =  15.96,  and  calculated  for  Tl 
the  value  208.642.  [If  O  =  16,  the  value  becomes  204.156.] 
{Phil  Trans.,  163,  1878,  277.) 


THORIUM. 


From  the  isomorphism  existing  between  thorium,  tin, 
and  titanium,  and  from  the  similaritv  of  thorium  to  zir- 
conium, Delafontaine  and  Marignac  believe  the  oxide  to 
contain  two  atoms  of  oxygen.  {Liebig^s  Ann.,  131,  100.) 
2Teither  the  specific  heat  of  this  element  nor  the  vapor 
density  of  any  of  its  compounds  has  been  determined  so 
far  as  1  know. 

J.  J.  Bbrzblius;  S38  (O  =  16);  1887.72  (O  =  100). 

From  the  sulphate,  precipitated  by  heating  a  solution  of 
the  salt  and  redissolved  in  cold  water,  Berzelius  sot  the 
values  748.498  and  785.718  by  precipitating  with  barium 
chloride.  He  also  analysed  the  double  sulphate  of  potas- 
sium and  thorium.  From  the  relation  between  the  sul- 
phuric acid  and  the  thorium  oxide  found,  the  atomic  weight 
would  seem  to  be  750.68,  while  the  relation  between  the 
potassic  sulphate  obtained,  and  the  amount  of  oxide  gives 
740.6.  These  numbers  are  calculated  on  the  supposition 
that  the  oxide  contains  a  single  atom  of  oxygen.    Ba  = 
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855.29,  S  =  200.75,  K  =  488.856.    {Poggend.  Arm.,  16, 1829, 
398,  and  Lehrbuch,  S,  1224.) 

J.  J.  Chydenius  :  286.64  (0  =  16). 

This  chemist  analysed  the  sulphate,  the  double  sulphate 
of  potassium  and  thorium,  the  oxalate,  the  acetate  and  the 
formate,  getting  results  which  vary  from  228.52  to  248.76. 
He  averages  with  his  own  results  analyses  made  by  Ber- 
zelius  and  by  Berlin,  which,  however,  alter  the  result  in- 
appreciably. According  to  Delafontaine,  the  methods 
employed  for  purification  are  ineffectual.  Chvdenius 
assumes  a  single  atom  of  oxygen  in  the  oxide.  {Poggend. 
Am,  119, 1868,  55.) 

N.  J.  Bbelin  :  231.64  (0  =  16). 

Cbydenius  reports  two  analyses  of  the  oxalate  by  Berlin 
which  gave  for  thorium  57.87  and  57.95,  or  281.48  and 
231.80.    {Poggend.  Ann.,  119,  1868,  56.) 

M.  Dblafontainb  :  281.5  (O  =  16). 

Determined  from  analyses  of  the  sulphate.  Fourteen 
experiments  on  the  decomposition  of  this  salt,  by  the  heat 
of  a  strong  double-draught  lamp,  gave  a  mean  of  52.51  per 
cent,  oxide ;  extreme  difference,  0.88.  In  three  experiments 
the  sulphur  contents  of  the  salt  was  determined  bv  precipi- 
tation with  barium  chloride  after  the  sulphate  had  been 
decomposed  with  ammonium  oxalate.  The  mean  amount 
of  SQlphuric  anhydride  so  found  was  81.92  per  cent.;  ex- 
treme difference,  0.78.  Three  experiments  on  the  water 
contents  gave  15.68  per  cent;  extreme  difference,  0.21. 
The  snm  of  these  means  is  100.11.  ThQ  value  of  thorium 
was  calculated  from  the  relation  of  the  oxide  to  the  sul- 
phuric anhydride  for  S  =  32,  Ba  =  187.  The  salt  was  pre- 
pared from  thorite  and  from  orangite  by  decomposition 
with  sulphuric  acid  and  recrystallization  of  the  sulphate 
with  the  help  of  heat.  The  purification  was  continued 
nntil  the  crystals  and  the  motner  liquor  had  exactly  the 
same  composition.  Marignac  assisted  at  this  investigation. 
[Lidng's  Ann.,  ISl,  1864, 100.) 

P.  T.  Clbvb  :  233.88  (O  =  16). 

Cleve  made  six  analyses  of  the  anhydrous  sulphate,  get- 
ting in  mean  Th  =  238.8 ;  extreme  difference,  1.36.    From 
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analyses  of  the  oxalate  he  got  288.97 ;  extreme  difference, 
0.6.  (Kopp^s  Jahresberichty  1874,  261;  BuU.  Soc.  Chim., 
(2,) «,  116.) 


TIN. 

Regnanlt  and  Kopp  have  each  determined  the  specific 
heat  of  tin.  It  agrees  with  an  atomic  weight  of  about  118. 
Dumas,  Cahours  and  others  have  determined  the  vapor 
density  of  volatile  tin  compounds  with  a  similar  result. 
( GmdinrKraut^  L  c. ;  L.  Meyer y  I.  c) 

J.  J.  Bbezblius;    ii7.ff47  (0  =  16) ;  785.294(0  = 
100). 

Berzelius  determined  this  value  by  oxidizineipnre  tin  foil 
by  means  of  nitric  acid  and  weighing  the  oxide.  He  found 
100  tin  =  127.2  stannic  acid.    (jPoggend.  Ann.,  <9, 1826, 184.) 

Q.J.  Mulder:  116.112  (0  =  16);  726.7  (0  =  100). 

Two  experiments  were  made  by  oxidizing  tin  with  nitric 
acid,  evaporating,  drying,  and  heating  to  redness.  They 
gave  each  100  tin  =  127.66  stannic  acid ;  whence  the  value. 
All  possible  precautions  are  said  to  have  been  taken.  The 
metal  was  prepared  by  the  reduction  of  pure  oxide  with 
soot  and  a  flux.  (Erdmann^s  Joum.  fur  JPrak.  Chem.y  43. 
1849,  86 ;  Scheikunaige  Onderzoek.,  5.   Ded,  260.) 

0.  L.  Vlaandbrbn  :  about  118.  (0  =  16). 

Determined  from  experiments  on  the  oxidation  and  re- 
duction of  tin  and  stannic  acid  in  vessels  of  various  ma- 
terials. The  experiments  regarded  as  the  most  accurate 
were  made  on  tiie  reduction  of  the  acid  in  a  current  of 
hydrpgen  in  porcelain  vessels.  The  acid  had  been  heated 
in  platinum.  These  experiments  gave  69.04  and  69.12. 
Stannic  acid  heated  in  glass  or  porcelain  was  found  to 
retain  nitric  acid.  [Kopp^s  Jahresbericht,  11,  1868,  188; 
Mulder,  Schdhmdige  Verh.  en  Onderzoek.,  2.  Deel,  160.) 

J.  Dumas  :  118.08  (0  =  16). 

Two  experiments  were  made  on  the  oxidation  of  pure 
tin  by  nitric  acid.     The  stannic  acid  being  heated  white 
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hot  in  platinum  vessels  gave  for  the  atomic  weight  59.1  , 
and  58.96.  The  tin  employed  was  prepared  from  pure 
chloride.  Two  experiments  on  the  titration  of  the  chlo- 
ride with  argentic  nitrate  gave  69.06  and  59.03.  Ag  = 
108,  CI  =  85.5.  {AnnaL  de  Chim.  et  de  Phya.,  (8,)  66^  1859, 
156.) 


TITANIUM. 


The  specific  heat  of  titanic  acid  has  been  determined  by 
fiegnault  and  by  Eopp,  and  indicates  an  atomic  weight  of 
about  50.  Dumas  determined  the  vapor  density  of  the 
tetrachloride  at  6.836.  [If  the  molecular  weight  of  0  = 
82,  and  if  01  =  35.457,  this  gives  Ti  =  56.025.]  {QmeUri' 
Krauiy  I  (?.,  and  Foggend.  Ann.y  S,  1827,  441.) 

H.  Rose  :  61.17  (0  =  16). 

Determined  by  roasting  titanium  sulphide  and  weighing 
the  titanic  acid  formed.  The  highest  result  obtained  was 
1.017  sulphide  from  0.7/57  acid.  This  result  Rose  adopted  on 
the  supposition  that  an  excess  was  impossible.  For  S  = 
201.16  these  data  give  T\  =  6SM  (0  =  16);  389.1  (0  = 
100.)  pf  S  =  32,  Ti  =  61.17.]  The  sulphide  was  prepared 
bj  heating  titanic  acid  in  a  current  of  carbon  disulphide. 
(Qmerea  Arm.,  7S,  1823, 135.) 

Rose  subsequently  expressed  the  opinion  that  the  sulphide 
employed  in  tnis  analysis  was  impure,  and  contained  unde- 
composed  titanic  acid,  but  afterwards  came  to  the  conclu- 
sion that  it  was  perfectly  pure,  accounting  for  the  variation 
of  the  results  from  those  he  obtained  later  by  the  theory 
that  the  sulphide  and  the  oxide  of  this  element,  like  those 
of  taDtalium,  were  entirely  dissimilar  compounds.  Marig- 
nac  has  shown  that  tantalium  sulphide  is  of  normal  consti- 
tution.   {Paggend.  Ann.,  99, 1856,  576.) 

H.  Rose:  48.28  (0  =  16). 

TitaDium  chloride  was  decomposed  with  water,  titanic 
acid  precipitated  by  ammonic  hydrate,  and  the  chlorine 
precipitated  from  the  filtrate  With  argentic  nitrate.  Taking 
-^=1851.607,  01  =  221.325 ;  Rose  calculated  the  chlorine 
contents  in  four  experiments  at  from  74.43  to  74.53  per 
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cent ;  mean  74.46  and  Ti  at  303.686.  According  to  Gmelin- 
Kraut,  these  analyses  recalculated  for  Stas's  values  give  Ti 
=  48.28.  The  cnloride  was  prepared  by  the  action  of  chlo- 
rine on  a  mixture  of  titanic  acid  and  carbon,  and  was  recti- 
fied four  or  five  times  over  potassium  and  mercury.  It  was 
clear  and  developed  no  chlorine  on  decomposition  with 
water.    {Poggend.  An7i.j  16,  1829, 145.) 

C.  G.  MosANDER :  47.S3  (0  =  16) ;  295.81  (O  =  100). 

Mosander  determined  the  oxygen  contents  of  titanic  acid 
at  from  39.83  to  40.82  per  cent. ;  mean  40.427.  Mosander 
never  described  the  method  of  analysis.  [The  oxygen  con- 
tents was  probably  determined  from  the  chloride,  for  the 
above  data  give  Ti  =  294.7,  while  Berzelius  records  the  de- 
termination as  having  given  295.81.]  {Poggend.  Ann.j  19y 
1830,  212,  and  Berzelius'  Lehrbuch,  S,  1211.) 

J.  Pierre  :  60.S6  (O  =  16). 

Determined  by  three  experiments  on  the  titration  of  the 
chloride  with  argentic  nitrate  by  Pelouze's  method.  Pierre 
does  not  give  the  values  taken  for  CI  and  Ag.  He  calcu- 
lates the  atomic  weight  of  Ti  at  814.69.  [If  Ag  =  107.93, 
01  =  35.457 ;  his  data  give  Ti  =  314.75  (O  =  100) ;  60.86 
(O  =  16),  with  an  extreme  difference  in  the  latter  case  of 
0.08.]  He  made  two  other  determinations  giving  lower 
results,  but  it  was  found  that  the  chloride  employed  was 
slightly  decomposed  by  contact  with  air.  The  chloride 
was  prepared  from  artificial  titanic  acid  which  was  free 
from  iron,  and  was  further  purified  by  fractional  distilla- 
tion.   {Anml  de  Ghim.  et  de  Phgs.,  (3,)  SO,  1847,  257.) 

•  A.  Demoly  :  S6.61S  (O  =  16). 

Determined  by  experiments  on  the  tetrachloride.  The 
salt  was  decomposed  with  water,  the  titanic  acid  precipi- 
tated by  ammonic  hydrate,  and  the  chlorine  precipitated  in 
thd  filtrate,  after  the  excess  of  ammonic  hydrate  had  been 
volatilized  and  the  solution  acidified.  Both  precipitates 
were  weighed.  Demoly  calculates  the  atomic  weight  of  Ti 
at  350,  without  mentioning  what  values  he  accepted  for 
silver  and  chlorine.  [If  Ag  =  107.93,  01  =  35.457 ;  the 
atomic  weight,  calculated  from  the  argentic  chloride,  is 
353.2  (0  =  100) ;  or  56.512  (0  =  16),  with  an  extreme  differ- 
ence in  the  three  experiments  of  0.88  for  0  =  16.]  The 
chloride  was  prepared  from  rutile  by  preliminary  conver- 
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fiion  into  nitride,  &c.  It  was  purified  by  rectification  over 
mercury  and  potassium.  (Liebig's  Ann.,  72,  218 ;  Laurent 
end  Gerhardt,  Compies  Bend.,  1849,  325.) 


TUNGSTEN. 


Regnault  has  determined  the  specific  heat  of  tungsten, 
and  Koscoe  the  vapor  density  of  the  chloride.  These  ex- 
periments place  the  atomic  weight  of  tungsten  at  about  184. 
(GmeUn^Kraut,  I.  c;  L.  Meyer,  I.  c.) 

J.  J.  Bbrzblius  :  189.26  (0  =  16) ;   1188.355  (O  = 
100). 

A  weighed  quantity  of  tungstic  acid  was  reduced  in  a 
current  of  hydrogen,  again  weighed,  then  re-oxidized  and 
reweighed.  The  number  is  the  mean  result  of  the  two 
operations.  The  number  is  given  in  Berzelius'  Lehrbuch 
as  1188.86  with  the  data,  which  are  also  given  in  Poggend. 
Arm,,  8 J  23.  It  is  pointed  out  in  Graham-Olio  that  this 
value  must  be  misprinted,  an  observation  which  I  have 
verified.    {Poggend.  Ann.,  j,  1826, 152.) 

Berzelias  made  an  earlier  determination  than  the  fore- 
going by  the  oxidation  of  the  sulphide,  getting  1207.  He 
points  out  the  source  of  error  in  this  experiment  arising 
from  the  formation  of  irreducible  sulphate.  {BerzeUus^ 
Jahresbericht,  5, 1825,  121.) 

R.  SoHNBiDEE :  184.12  (0  =  16) ;  1150.78  (0  =100). 

Schneider  made  five  experiments  on  the  reduction  of 
tungstic  acid  with  hydrogen  in  a  porcelain  tube  heated  by 
*  charcoal  fire.  These  analyses  gave  the  mean  contents  of 
the  acid  at  79.316  tungsten  per  hundred ;  extreme  differ- 
ence, 0.096.  This  composition  corresponds  to  an  atomjc 
^eight  of  1150.89.  He  also  made  three  experiments  on 
tne  combustion  of  tungsten,  getting  a  mean  of  79.327 
tungsten  per  100  acid;  extreme  difference,  0.005,  or  an 
atomic  weight  of  1151.17.  The  value  taken  is  the  mean. 
The  tungstic  acid  was  prepared  b^  decomposing  ammonio- 
^?D,g8tic  sulphide  with  chlorhydnc  acid,  washing  the  pre- 
^jpitate  with  acid,  solution  in  ammonia,  reprecipitation  with 
^nlorhvdric  acid,  and  so  on  until  a  perfectly  pure  product 
^as  obtained.      The  tungstic  acid  was  finally  dried  and 
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heated  to  redness.    {ErdrnanrCs  Joum.  fur  Prak.  Chan.^  50 j 
1850, 168.) 

R.  F.  Marchanb  :  ISji^l  (0  =  16) ;  1150.6  (O  =  100). 

Determined  from  two  experiments  on  the  reduction  of 
tungstic  acid  in  a  current  of  hydrogen,  and  two  experiments 
on  the  combustion  of  tungsten.  These  determinations 
were  made  in  the  same  manner  as  and  at  the  same  time 
with  Schneider's.  The  extreme  difference  was  3.5  for  O  = 
100.    {Liebig's  Ann.,  77, 1851,  263.) 

• 

J.  B.  VON  Borck:  183.816  (0  =  16);  1148.86  (O  = 
100). 

Determined  by  seven  experiments  on  the  reduction  of 
tungstic  acid  at  a  white  heat  by  hydrogen,  and  by  two  ex- 
periments on  the  combustion  of  tungsten.  The  number  is 
the  mean ;  extreme  difference,  10.38  for  0  =  100.  The 
tungstic  acid  was  prepared  from  Wolframite  by  fusing  the 
mineral  with  potassium  carbonate,  solution  in  water  con- 
taining alcoh(M,  precipitation  with  calcic  chloride  and  de- 
composition of  the  calcic  tungstate  with  chlorhydric  acid. 
The  tungstic  acid  so  produced  was  converted  into  ammonium 
salt  which,  on  decomposition,  yields  a  compound  free  from 
iron  and  manganese.  {ErdmawfCs  Joum.  fur  Prak.  Chem., 
64, 1851,  254.) 

A.  RiCHB :  174  (0  =  16). 

This  value  was  reached  bv  five  determinations  of  the 
amount  of  water  produced  by  the  reduction  of  tungstic 
acid  in  a  current  of  hydrogen,  which  gave  a  mean  of  87.07 ; 
extreme  difference,  1.78.  The  tungstic  acid  was  obtained 
by  heatinj^  the  ammonium  salt,  or  b^  the  decomposition  of 
the  oxychloride  produced  by  heating  tungstic  acid  and 
carbon  in  a  current  of  chlorine.  {AnnaL  de  Chim.  et  de 
Phys.y  (8,)  60, 1857, 10.) 

J.Dumas:  184  (0  =  16). 

Dumas  made  six  experiments  on  the  reduction  of  tunestic 
acid  in  hydrogen  at  a  high  temperature  in  a  nacelle  of  un- 
glazed  porcelain,  and  two  experiments  on  the  titration  of 
the  chloride  with  argentic  nitrate.  The  extreme  difference 
between  the  results  was  0.69  for  0  ^  8.     The  acid  was  pre- 
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pared  by  gently  heating  the  anuuoaium  salt  in  a  muffle. 
(ATmoL  de  Chim.  et  de  Phys.,  (3,)  65, 1859, 144.) 

F.  A.  Bernoulli  :   186.8   (O  =  16) ;    1167.5  (0  = 
lOOJ. 

Bernoulli  made  five  experiments  on  the  reduction  of 
tungstic  acid  by  hydrogen  in  a  porcelain  tube  at  a  very 
high  temperature,  two  experiments  on  the  amount  of  water 
formed  in  reduction,  and  four  experiments  on  the  oxidation 
of  tungsten.  The  mean  result  was  W  =  98.41 ;  extreme 
difference,  0.75.  [If  experiment  9,  in  which  oxidation 
seems  to  have  taken  place,  is  left  out,  the  mean  becomes 
93.35;  extreme  difference,  0.18.]  The  tungstic  acid  was 
prepared  from  ammonium  tungstate  which  had  been  boiled 
for  several  days  with  riitric  acid.  The  tungstic  acid  was 
heated  to  redness.  One  part  of  it  was  green,  another  part 
yellow.  The  determinations  from  the  different  colored 
acids  did  not  differ,  and  Bernoulli  considers  them  isomeric 
modifications  of  the  same  compound.  There  appear  to  be 
misprints  in  the  data  given.  [Poggend.  Ann.,  Ill,  1860, 
599.) 

C.  SCHEIBLER  :  184  (O  =  16). 

Scheibler  reached  this  value  by  five  determinations  of 
the  water  contents  (9  molecules)  of  barium  metatungstate. 
From  determinations  of  the  barium  and  the  tungsten  in 
the  same  compound  Scheibler  reached  other  values,  but  he 
regards  the  water  determination  as  the  most  trustworthy. 
(Erdmann's  Joum.  fur  PraL  Chem.,  83,  1861,  328.) 

E.  Zettnow  :  188.952  (O  =  16). 

Determined  from  analyses  of  ferrous  tungstate  and 
argentic  tungstate.  tA  known  weight  of  ferrous  tungstate 
was  melted  with  sodium  carbonate  and  the  mass  dissolved. 
The  ferric  hydrate  was  thoroughly  washed,  dissolved  in 
chlorhydric  acid,  reduced  to  ferrous  chloride  with  zinc  of 
known  composition,  and  titrated  with  potassic  permanga- 
nate in  sever^  measured  portions.  Four  such  series  of 
experiments  were  made,  and  gave  a  mean  of  92.038  for  W; 
extreme  difference,  0.83.  The  ferrous  tungstate  was  pre- 
pared by  melting  pure  anhydrous  sodium  tungstate  with 
ferrous  chloride  and  sodium  chloride,  dissolving,  separat- 
ing impurities,  crystallizing,  washing  the  crystals  with 
water,  chlorhydric  acid  and  sodium  carbonate.     The  argen- 
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tic  tungstate  was  decomposed  with  nitric  acid  and  titrated 
with  sodium  chloride  or  decomposed  with  hot  sodium 
chloride  solution,  the  argentic  chloride  heing  weighed. 
Five  experiments  gave  a  mean  of  91.915  for  W  ;  extreme 
difference,  0.18.  The  argentic  tungstate  was  prepared  by 
the  precipitation  of  sodium  tungstate  with  argentic  nitrate, 
thorough  washing  and  drying  in  yellow  light.  The  per- 
manganate solution  was  prepared  according  to  Mohr  and 
tested  with  ammonio-ferrous  sulphate.  Fe  =  28,  Ag  = 
108.    {Poggend.  Ann.,  ISO,  1867,  30.) 

H.  E.  RoscoE :  184.04  (0  =  16). 

Determined  by  reducing  tungstic  acid  in  a  current  of 
hydroffen,  by  reoxidizing  the  metal,  and  by  reducing  the 
chloride  in  a  current  of  hydrogen,  the  chlorhydric  acid 
being  condensed  and  estimated  as  argentic  chloride.  In 
the  experiments  on  the  acid,  that  compound  was  reduced, 
and  reoxidized  three  times  with  almost  identical  results. 
The  mean  of  the  second  and  third  reductions  of  the  same 
sample  gave  W  =  188.84.  In  the  experiments  on  the 
chloride,  the  chlorine  and  the  tungsten  were  each  deter- 
mined, and  rave  a  mean  of  184.25  for  CI  =  85.5.  The 
tungstic  acid  was  prepared  by  the  decomposition  of  the 
chloride,  washing  and  heating  to  redness  in  a  platinum 
vessel.  It  was  canary  yellow.  The  chloride  was  prepared 
from  pure  tungsten.     (Ijiebig's  Ann.,  162,  1872,  866.) 


URANIUM. 


No  certainty  exists  as  to  the  relation  between  the  equiva- 
lent and  the  atomic  weight  of  uranium.  The  latter  is  com- 
monly accepted  as  about  120.  Mendelejeff  gives  grounds 
for  supposing  it  to  be  240,  {Liebifs  Ann.,  S.  8, 1871,  178,) 
and  L.  Meyer  regards  it  as  probably  180,  a  value  which 
accords  well  with  the  specific  heat  of  the  black  oxide  as 
observed  by  Regnault  {Gmelin-Kraut,  l.  c.)  For  the  pur- 
poses of  this  paper  it  seems  best  to  retain  the  customary 
value. 

J.  A.  Arfvedson  :  128.6  (0  =  16). 
Determined  by  experiments  on  the  reduction  of  uranoso- 
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QTEDic  oxide  and  on  the  oxidation  of  uranous  oxide.  By 
combustion  of  nranouB  oxide  in  oxygen  he  found  in  two  ex- 
periments that  100  oxide  combined  with  8.695  and  with 
3.73  oxygen.  From  the  reduction  of  the  green  oxide  he 
foand  that  100  uranous  oxide  combine  with  3.67  oxygen. 
He  deduces  as  the  mean  8.688.  Begarding  uranous  oxide 
as  the  metal,  Arfvedson  calculated  the  atomic  weight  at 
2711.36.  [If  the  lower  oxide  is  a  protoxide,  the  data  give 
128.6  for  O  ='16.1  The  uranous  oxide  was  prepared  ^om 
pitchblende  by  solution  in  a^ua  regia,  precipitation  of  heavy 
metals  with  hydrogen  sulphide,  precipitation  with  ammonic 
hydrate,  solution  in  ammonium  carbonate  to  remove  iron, 
reprecipitation,  heating  to  redness,  washing  with  chlorydric 
acid  to  remove  impurities,  and  reduction  in  hydrogen. 
(Poggend.  Ann.,  1, 1824,  254.) 

E.  Pbligot  :  119.128  (O  =  16) . 

Id  two  experiments  the  amount  of  carbon  in  the  acetate 
was  found  to  be  11.27  and  11.8;  mean  11.285.  In  one  ex- 
periment the  uranic  oxide  was  determined  at  67.8  per  cent. 
[From  these  data  the  above  value  follows.]  Peli^t  takes 
120  or  750,  C  =  75.  The  preparation  of  the  salt  is  not 
given.  Peligot  mentions  the  oxalate  and  gives  analyses, 
oat  does  not  deduce  an  atomic  weight  from  them.  {AimaL 
de  Chim.  ei  de  Phys.,  (8,)  6, 1842,  89.) 

J.  J.  Ebblmbn  :   118.86   (0  =  16) ;    742.875   (0  = 
100). 

Ebelmen  made  six  experiments  on  the  reduction  of  the 
oxalate  to  uranous  oxide  by  hydrogen  and  heat.  The  value 
follows  with  an  extreme  difference  of  0.65  for  C  =  75 ;  H 
=  12.5.  All  the  weighings  were  reduced  to  vacuum.  To 
obtain  pure  oxalate,  the  nitrate  was  precipitated  by  oxalic 
acid  and  this  preparation  decomposea  by  neat.  The  oxide 
thus  obtained  was  digested  with  chlorhydric  acid,  washed, 
dissolved  in  nitric  acid,  recrystallized,  and  precipitated  with 
oxalic  acid.  The  oxalate  was  dried  at  100^.  According 
to  Rammelsberg  the  reduction  of  the  oxalate  is  accompa- 
nied by  the  separation  of  carbon  which  remains  with  the 
oxide.    {Annaf.  de  Chim.  et  de  Phys.,  (8,)  5, 1842, 189.) 

Bbbzelius,  Abfvbdson,  Marchand  :  128.4  (0=sl6); 
802.49  (0  =  100). 

While  Arfvedson  was  making  his  first  determination, 
Berzelius  also  made  an  experiment  on  the  combustion  of  ura- 
9 
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nous  oxide  getting  103.685  uranic  from  100  uranous  oxide. 
Marchand  {JErdmann's  Joum.  fiir  Prak.  Chem.y  £3y  1841, 
498)  got  in  the  same  way  103.668.  The  average  of  the 
combustion  experiments  of  all  three  chemists  is  103.694, 
whence  Berzelius  calculates  the  value.  (Berzelius*  Jakres- 
bericfUy  2i,  1842,  113.)  Peligot  and  Rammelsberg,  as  well 
as  Marchand,  point  out  faults  in  this  method,  such  as  the 
probable  condensation  of  hydrogen  in  the  protoxide  and 
the  tendency  to  form  higher  oxides.  (Poggend.  Ann.^  69^ 
1843,  4.) ' 

C.  Rammblsbbrg. 

This  chemist  made  experiments  on  the  reduction  by 
hydrogen  of  the  green  oxide,  prepared  in  various  ways, 
and  got  results  varying  from  580.4  to  767.6  for  O  =  100. 
{Poggend.  Ann.y  69^  1843,  9.)  By  precipitation  of  uranous 
chloride  with  silver  he  reached  the  number  787.5  for  CI  = 
442.65.    The  chlorine  contents  found  varies  in  three  ex- 

Eeriments  from  73.89  to  74.46.    The  chloride  was  prepared 
y  heating  uranous  oxide  in  an  atmosphere  of  chlorine. 
(Poggend.  Ann.,  66, 1842,  321.) 

J.  Wbrthbim  :  119.4e  (O  =  16) ;  746.86  (O  =  100). 

Determined  by  three  experiments  on  the  decomposition 
of  the  double  acetate  of  uranium  and  sodium.  The  mean 
loss  of  acetic  acid  by  heating  the  salt  to  redness  was  32.477 
per  cent;  extreme  difference,  0.036.  The  number  follows 
for  C  =  75,  H  =  6.25,  Na  =  390.9.  [In  Poggend.  Ann.,  67, 
484,  an  abstract  is  ^iven  of  a  paper  read  before  the  academy 
(of  Berlin  ?)  by  Mitscherlich,  in  which  he  states  that  Wert- 
heim's  experiments  above  described  give  740.512.  Berze- 
lius in  his  Jakresbericht,  23^  137,  makes  or  quotes  the  same 
statement,  so  also  does  Rammelsberg,  Poggend.  Ann.,  69, 
4,  and  it  has  been  repeated  elsewhere.  I  have  recalculated 
the  data  ^iven  by  W  ertheim  and  find  the  results  correctly 
deduced  m  his  own  report.  For  Na  =  23.043  (Stas) ;  the 
data  give  IT  =  119.53.]  The  salt  was  prepared  from  urani- 
nite  by  solution  in  nitric  acid,  precipitation  with  hydrogen 
sulphide,  evaporation  of  the  filtrate  to  dryness,  solution 
in  hot  water,  crystallization  and  recrystallization,  heating 
the  crystals  to  drive  off  nitric  acid,  solution  in  acetic  acid, 
digestion  with  sodium  carbonate  and  recrystallization. 
{Erdmann's  Jmm.  far  Prak.  Chem.,  SQ,  1843, 209.) 
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C.  Ramhblsbebq  :  about  120  (O  =  16). 

Determined  in  six  experiments,  undertaken  at  Berzelius' 
suggestion,  by  treating  uranous  oxide  with  nitric  acid  and 
BnlpDuric  acid  and  weighing  the  sulphate.  It  is  very  diffi- 
calt  to  weigh  the  uranous  oxide  which  constantly  increases 
in  weight.  Two  experiments  were  made  on  the  green 
oxide,  which  was  prepared  either  by  heating  uranous  oxide, 
or  the  nitrate,  in  air.  Two  experiments  were  made  on 
maenesium  uraniate  by  dissolvini^  the  compound  in  nitric 
acid  and  heating  to  redness.  The  compound  was  found 
unstable  in  character.  One  experiment  was  made  by  heat- 
ing the  double  acetate  of  uranium  and  sodium  and  three 
experiments  by  heating  the  double  acetate  of  barium  and 
uranium.  The  results  obtained  varied  from  688.17  to 
753.76.  Rammelsbere  considers  the  determinations  confir- 
matory of  Wertheinrs  and  Ebelmen's.  {Poggend.  Ann.y 
66, 1845,  96.) 

E.  Pbligot  :  120  (0  =  16) ;  750  (0  =  100). 

Determined  by  combustion  of  the  oxalate  in  a  current  of 
air,  both  the  carbonic  acid  and  the  green  oxide  of  uranium 
bein^  weighed.  At  first  Peligot  got  only  780  as  the  atomic 
weight  by  this  process,  but  by  repeating  the  recrystalliza- 
tion  of  the  salt  until  determinations  eave  constant  results, 
he  got  a  mean  of  760.  He  says  that  ne  came  to  the  same 
value  by  comparing  the  amoupt  of  uranic  oxide  obtained 
from  the  acetate  with  the  weight  of  the  salt  employed. 
(Paris  Comptes  Bend.,  ««,  1846,  487.) 


VANADIUM. 


Roscoe  has  determined  the  vapor  density  of  vanadium 
chloride.  It  agrees  with  an  atomic  weight  of  about  61. 
(L.  Meyety  L  c.) 

J.  J.  Bbbzelius  :  6S47  (O  =  16). 

BerzeliuB  made  four  experiments  on  the  relation  between 
the  higher  and  the  lower  oxides  of  vanadium,  three  by  re- 
duction with  hydrogen  at  a  very  high  temperature  and  one 
by  oxidation.  He  supposed  the  higher  oxide  to  have  the 
formula  VOj,  and  the  lower  VO,  and  consequently  got  for 
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the  atomic  weight  the  Dumber  855.84  (0  =  100).  R. 
Schneider  has  shown  that  the  data  as  given  by  Berzelius  are 
discordant,  {Poagend.  Ann,,  88,  819,)  a  fact  of  small  import- 
ance in  view  of  the  succeeding  investigation.  The  higher 
oxide  analyzed  by  Berzelius  was  produced  by  gently  heat- 
ins  the  ammonium  salt.  {Poggend.  Ann.,  iS,  1881,  14; 
H^ngl  Vet  Akad.  Hanil,  1881.) 

Roscoe  examined  some  ammonium  vanadate  which  Ber- 
zelius had  sent  Faraday  and  found  that  it  contained  phos- 
phorus.   {Liebig'a  Ann.,  8, 6, 1868,  98.) 

H.  E.  RoscoB :  51.33  (0  =  16). 

Roscoe  made  four  experiments  on  the  reduction  of  vana- 
dic  acid  (V,  0^)  in  carefully  purified  hvdrogen.  The  acid 
was  prepared  from  ammonium  vanaoate.  To  free  this 
compound  from  phosphorus  and  silicic  acid  it  was  powdered, 
decrepitated  with  sodium  in  an  iron  crucible,  washed  with 
water  and  with  chlorhydric  acid,  r^-oxidized  with  nitric 
acid,  chloridized  in  a  current  of  chlorine,  the  chloride  rec- 
tified and  decomposed  with  water.  The  acid  so  obtained 
was  dried,  moistened  with  sulphuric  acid,  exposed  to  the 
fumes  of  fluohydric  acid  for  ten  days  and  melted.  This  pure 
acid  was  first  heated  for  several  hours  in  dry  air  and  after- 
wards in  hydrogen.  The  mean  result  of  four  experiments  was 
y  =  51.371 ;  extreme  difference,  0.228.  Nine  experiments 
were  made  on  the  titration  of  the  chloride  by  Pelouze's 
method.  Eight  experiments  were  also  made  on  the  analy- 
sis of  the  chloride  with  argentic  nitrate  by  the  ordinary 
method.  The  mean  of  the  seventeen  experiments  on  the 
chloride  gives  the  contents  in  chlorine  at  61.276  per  cent; 
extreme  difference,  0.69.  This  composition  indicates  an 
atomic  weight  of  51.29.  Roscoe  takes  01  ==  85.457,  As  = 
107.98.  The  vanadium  chloride  was  purified  by  rectiSca- 
tion  over  sodium  in  a  current  of  carbon  di-oxide.  The  re- 
agents were  prepared  according  to  Stas.  (lAMg^s  Ann.,  S, 
6, 1868,  86.) 

Roscoe  mentions  atomic  weight  determinations  by  Czud- 
nowicz  as  giving  55.85.  This  chemist,  however,  did  not 
calculate  an  atomic  weight  from  his  analyses,  but  used  that 
obtained  by  Berzelius.    {Poggend.  Ann.,  120, 1868, 17.) 
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YTTRIUM. 


The  composition  of  yttrium  oxide  is  not  definitely  settled. 
Mendelejeff  concludes  from  the  general  behavior  of  its 
compounds  that  it  is  a  sesqui-oxide.  As,  however,  all  the 
chemists  who  have  made  atomic  weight  determinations  of 
this  element  have  considered  it  a  prot-oxide,  I  shall  assume 
it  to  be  80  and  the  atomic  weight,  therefore,  about  60. 

J.  J.  Bebzblius  :  6j^S9  (O  =  16);  401.84  (O  =  100). 

This  determination  was  made  before  the  discovery  of 
erbium  and  can  scarcely  be  correct.  The  value  was  reached 
bj  analysis  of  the  sulphate  with  barium  chloride.  Ba  = 
866.88,  8  =  201.165.  (Poggend.  Ann.,  8,  1826,  186;  10, 
1827,  841.) 

N.  J.  Berlin  :  59.7  (0  =  16). 

According  to  Blomstrand  in  Berlin,  Ber.  der  Chem.  Qes., 
1873, 1467.  I  can  find  no  other  record  of  this  determina- 
tion which  probably  appeared  in  the  ForhamU.  ved  de  Skandi- 
namke  Naturforsk,  1860,  448. 

0.  Popp :  68  (O  =  16), 

The  mean  of  four  analyses  of  the  sulphate  showed  that 
40.15  oxide  were  equivalent  to  88.28  sulphuric  anhydride, 

Siving  a  molecular  weight  for  the  oxide  of  42.015 ;  extreme 
ifierence,  0.018.  The  yttrium  was  precipitated  with  sub- 
limed oxalic  acid,  the  free  acid  beins  afterwards  neutralized 
with  ammonia.  The  sulphuric  acid  was  precipitated  with 
barium  chloride  in  the  filtrate  with  precautions.  Popp,  who 
denies  the  existence  of  erbium  and  terbium,  separatea  yttri- 
um from  the  cerite  oxides  by  precipitation  with  barium 
carbonate,  yttrium  remaining  in  solution,  S  =  16,  Ba  = 
68.5.     {Uebig's  Ann.,  ISl,  1864,  183.) 

M.  Dblafontaine  :  about  64  (0  =  16). 

Delafontaine  does  not  pretend  that  this  number  is  exact. 
It  is  derived  from  analyses  of  the  sulphate.  His  method 
of  separation  was  essentially  Mosander's,  which  was  proved 
by  Popp  and  by  Bunsen  and  Bahr  to  give  impure  salts. 
(Utbig's  Ann.,  IS^,  1865, 108.) 
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Bahr  and  Buoten  :  61.7  (0  =  16). 

Determined  by  Baturating  the  oxide  with  sulphuric  acid 
as  in  the  determination  of  erbium,  q.  v.  Partial  recrjstal- 
lization  does  not  produce  pure  yttrium  nitrate,  but  only 
concentrates  traces  of  didymiiim  in  the  salt.  Didymium 
must  be  separated  with  potassic  sulphate.  Erbium  nitrate 
is  more  easily  decomposed  by  heat  than  yttrium  nitrate. 
The  nitrates  were  therefore  partially  decomposed,  yttrium 
nitrate  dissolved  out  and  the  process  repeated  until  there 
was  no  trace  of  erbium  or  didymium  visible  in  the  spectro- 
scope. The  mean  of  two  determinations  gave  Y  =  30.85  ; 
difference,  0.1.     S  =  16.     {Liebig's  Ann.,  1S7, 1866,  21.) 

M.  Delafontainb  :  58.5  (0  =  16). 

Determined  by  three  experiments  on  the  sulphate  which 
^ve  in  mean  48.28  per  cent,  oxide  for  S  =  82.  [In  the 
Jahresbericht  this  determination  is  reported  as  giving  Y  = 
74.5.  Yttrium  is  apparently  a  misprint  for  yttnum  oxide.] 
The  yttrium  salt  seems  to  have  been  prepared  according  to 
the  method  of  Bahr  and  Bunsen.  {Kopp*s  Jahresberwht, 
1866, 184;  Bibl.  Univ.,  Arch,  des  Sciences,  (2),  S6, 1866, 112.) 

P.  T.  Cleve  and  O.  M.  HoEGLUND :  59.7  (O  =  16)- 

Determined  by  analysis  of  the  sulphate.  The  oxide  was 
purified  by  heating  the  nitrates,  etc.,  according  to  N.  J. 
Berlin,  (lolomstrand,  in  Berlin,  Berichi  der  Ghem.  Ges., 
1878,  1467;  Bihang  tiU  Vet.  Akad.  Handl,  1878,  B.  1,  S, 
No.  8.) 


ZINC. 

The  specific  heat  of  zinc  has  been  determined  by  Regnault 
and  others.  The  vapor  density  of  volatile  organic  com- 
pounds has  been  determined  by  Frankland  and  others. 
These  experiments  aeree  in  placing  the  atomic  weight  at 
about  65.     {Omdin-Kraut,  I.  c;  L.  Meyer,  I.  c.) 

Gat-Lussac,  Bbrzblius,  Wollaston  :  66.647  (O  = 
16) ;  409.67  (0  =  100). 

In  his  experiments  on  the  oxidation  of  zinc  Gay-Lussac 
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foand  that  100  Zn  =  24.41  oxygen.  This  value  is  repeatedly 
cited  in  his  memoir.  {Gilbert's  Ann.^  SO,  1811,  297 ;  Me- 
moire  D*Areeml^  S^  174.)  Wollaston  gives  the  same  figures 
on  Gay-Lnssac's  authority.  {Phil.  jVans.,  lO^j  1814,  21.) 
Wollaston  calculates  from  these  data  Zn  =  410,  (O  =  100.) 
Berzelius  in  each  of  two  experiments  got  100  Zn  =  124.4 
oxide.  {GilberVs  Ann.,  37, 1811,  460.)  In  Poggend.  Ann., 
8y  1826,  184,  as  well  as  in  his  Lehrbuchj  Berzelius  cites 
6ay-Lussac  as  having  found  100  Zn  =  24.8  oxygen.  He 
states  that  his  own  determinations  were  in  perfect  accor- 
dance with  these  figures,  and  calculates  from  them  the 
atomic  weight  of  zinc  at  403.226  or  64-6Z,  and  this  was  the 
accepted  value  for  many  years.  I  cannot  find  any  other 
determinations  by  either  of  these  chemists,  and  am  obliged 
to  suppose  that  there  was  a  mistake  made  in  recording  the 
data  from  which  Berzelius  made  his  calculations ;  if  so, 
it  is  remarkable  that  neither  Berzelius  nor  the  other 
chemists  who  determined  this  value  perceived  it ;  for  the 
question  was  reopened  during  Berzelius'  life,  and  A.  Erd- 
mann  made  his  determination  at  Berzelius'  request. 

V.  A.  Jacqublin  :  66.U  (O  =  16) ;  414  (O  =  100). 

This  number  was  reached  by  measuring  the  amount  of 
hydrogen  developed  by  a  known  weight  of  zinc  from  sul- 
phuric acid  on  tne  supposition  that  tne  specific  gravity  of 
hydrogen  is  0.0624.  The  results  seem  to  have  been  incon- 
sistent. Subsequently  Jacquelain  arrived  at  the  same 
number  by  oxidizing  an  impure  zinc* of  known  composi- 
tion. {Paris  Comptes  Rmd.,  14^  1842,  686 ;  and  Anml.  de 
Ckim.  et  de  Phys.,  (3,)  7, 1848,  204.) 

P.  A.  Pavbk  :  66,  (O  =  16 ) ;  412.5  (O  =  100). 

Favre  made  four  experiments  on  the  combustion  of  zinc 
oxalate,  the  carbon  di-oxide  bein?  collected  and  its  weight 
compared  with  that  of  the  oxide.  The  mean  result  was 
Zn  =  412.66 ;  extreme  difference,  1.11.  0  =  75.  He  also 
made  three  experiments  by  passing  the  hydrogen  developed 
by  a  known  weight  of  zinc  over  cupric  oxide,  the  water 
being  caught.  These  experiments  gave  in  mean  Zn  = 
412.16;  extreme  difference,  0.65  for  fl  =  12.5.  {Annal  de 
Ckim.  et  de  Phys.,  (8),  10, 1844, 168.) 

A.  Erdmann;  66.06  (O  =  16);  406.591  (O  =  100). 
Determined  by  oxidizing  pure  zinc  with  nitric  acid,  and 
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driving  off  the  acid  by  heating  the  salt  in  a  porcelain  cruci- 
ble. Platinum  is  attacked.  The  number  is  the  mean  of 
four  experiments;  extreme  difference,  0.698.  The  zinc 
was  prepared  by  mixing  pure  oxide  with  carbon,  and  distill- 
ing in  a  current  of  hydrogen.  (Berzelius'  Jahresherichi,  Hy 
1844, 182 ;  (Efversigt  af  Kcmgl.  Vet.  Akad.  Handl.,  1,  8.) 


zmcoNroM. 


Deville  and  Troost  have  determined  the  vapor  density  of 
the  chloride.  It  agrees  with  an  atomic  weight  of  about  90. 
(if.  Meyer^  L  c) 

J.  J.  Berzblitts  :  89.6  (O  =  16). 

In  one  experiment  the  sulphate  was  decomposed  with 
ammonic  hydrate,  the  oxide  weighed  and  the  sulphuric 
acid  precipitated  with  barium  chloride.  In  five  experi- 
ments the  sulphate  was  decomposed  at  a  white  heat,  ammo- 
nium carbonate  being  added  at  the  close  of  the  operation. 
The  mean  result  was  that  100  parts  of  sulphuric  anhydride 
unite  with  75.858  parts  of  zirconium  oxide;  extreme  differ- 
ence, 0.28.  Berzelius  deduces  the  value  840.08  for  O  = 
100,  8  =  201.165 ;  on  the  supposition  that  the  oxide  con- 
tains three  atoms  of  oxygen.  [Being  a  binoxide,  this  re- 
lation gives  Zr  ==  89.6  for  O  =  16.]  The  sulphate  seems  to 
have  been  prepared  by  dissolving  the  oxide  in  sulphuric 
acid  and  expelling  the  excess  or  acid  by  heat.  {Poggmd. 
Ann.,  4, 1825, 126.) 

R.  Hermann: 

This  chemist  made  some  experiments  on  the  chloride 

fetting  in  three  determinations  a  mean  of  889.45  for  O  = 
00  and  on  the  tri-oxide  supposition.  The  extreme  differ- 
ence was  20.1.  CI  =  448.65.  The  chloride  was  produced 
by  heating  the  oxide  with  carbon  in  a  current  of  chlorine. 
Hermann  adopts  not  his  own  but  Berzelius'  determination. 
{Erdmann^a  Joum.  fur  Prak.  Chem.,  SI,  1844,  77.) 

C.  Marionac  :  90  (O  =  16). 

Determined  from  analvses  of  potassium  fluo-zirconiate. 
The  salt  was  decomposed  with  sulphuric  acid,  the  excess 
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of  acid  driven  off  by  beat,  tbe  residue  weigbed,  tbe 
potassic  solphate  leacbed  out  witb  water,  and  the  residue 
again  weighed.  Marignac  does  not  pretend  tbat  tbe  deter- 
mination is  accurate.  Tbe  results  gave  from  45.01  to  45.48. 
He  thinks  that  some  potassic  sulphate  may  have  escaped 
eolation,  and  therefore  takes  tbe  minimum.  K  =  39,  8  = 
16. 

According  to  Marignac,  Deville  also  found  the  atomic 
weight  of  zirconium  somewhat  higher  than  Berzelius  by 
analysis  of  the  chloride  witb  which  he  determined  tbe 
vapor  density.  [AnnaL  de  Chim.  et  de  Phys.y  (8,)  60 ^  1860, 
267.) 
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DETERMINATIONS  BY  T.  THOMSON. 

In  ThomsorCs  Annals  of  Philosophy^  voluraes  16  and  17 j 
1820-21,  Thomson  published  a  series  of  papers  descrip- 
tive  of  experiments  undertaken  for  the  purpose  of  verifying 
Prout's  hypothesis.  His  method  consisted  in  mixing  re- 
agents in  what  he  considered  equivalent  proportions,  and 
after  precipitation  examining  portions  of  the  supernatant 
liquid  for  an  excess  of  each  of  the  salts  supposed  to  neu- 
tralize one  another.  In  all  except  four  cases,  either  the 
salt  analyzed  was  a  sulphate  and  the  precipitant  barium 
chloride,  or  the  determination  was  dependent  upon  such 
an  analysis ;  yet  although  Thomson  took  barium  =:  70,  in 
DO  instance  was  he  able  to  detect  either  barium  or  sul- 
phuric acid  in  the  residual  solution  when  the  quantity  of 
the  re-agents  corresponded  to  the  atomic  weights  which  he 
adopts.  Comparison  of  his  results  with  those  reached  bv 
more  accurate  experimenters  will  make  this  exact  neutrali- 
zation appear  impossible,  nor  were  his  contemporaries  able 
to  repeat  his  experiments  successfully.  Thomson's  deter- 
minations are,  as  such,  utterly  valueless,  yet  as  they  were 
for  many  years  extensively  accepted  in  English  and  Ameri- 
can scientific  literature  they  are  inserted  here  for  reference. 
In  the  folIovTing  table  Thomson's  numbers  are  multiplied, 
when  necessary,  for  the  sake  of  comparison  with  the  valtfes 
now  accepted. 

Dbtbrmikations  Involving  Barium  =  70. 

Arsenic 76  Magnesium : 24 

Barium 140  Manganese 56 

Bismuth 216  Nickel — —52 

Calcium 40  Nitrogen 14 

Carbon 12  Phosphorus 32 

Chlorine 86  Potassium 40 

Chromium 56  Silver 110 

Cobalt- 52  Sodium 24^ 

Copper 64  Strontium ^ —88' 

Iron..l 66  Sulphur — 32 

Lead .208  Zinc -68 
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Thomson  Further  Determined — 

Antimony  at  132  by  oxidation. 

Boron  at  12  from  analysis  of  borax. 

Mercury  at     200  by  conversion  of  the  oxide  into  chloride. 

Tin  at  116  by  oxidation  with  nitric  acid. 


REDUCTION  OF  WEIGHINGS  TO  VACUUM. 

In  discussing  the  analyses  recorded  in  the  foregoing  pages, 
or  in  reconcihng  atomic  weight  determinations  by  various 
chemists,  it  may  be  found  convenient  to  employ  the  follow- 
ing table.  The  maximum  error  involved  is  less  than  0.01 
per  cent  or  0.1  milligram  per  gram. 

ORAM  weights   BEING  OF  BRASS,  FRACTIONS   OF   PLATINUM. 

For  substances  the  sp.  gr.  of  which  exceeds  6.1 ;  no  cor- 
rection is  necessary. 

For  substances  the  sp.  gr.  of  which  is  less  than  6.1 : — 

To  correct  the  entire  grams;  multiply  their  number  by  the 
correction  in  the  table  opposite  the  sp.  gr.  of  the  substance, 
found  in  the  first  column,  and  add  the  product  to  the  observed 
weijzht. 

To  correct  the  fractions  of  a  gram^  multiply  the  correction 
opposite  the  sp.  gr.  of  the  substance,  found  in  the  third  col- 
umn of  the  table,  by  the  first  two  decimal  figures  of  the 
observed  weight,  if  tne  sp.  gr.  of  the  substance  is  less  than 
8,  and  by  the  first  decimal  only,  if  the  sp.  gr.  exceeds  8,  and 
add  the  product  to  the  observed  weight. 

ALL  WEIGHTS   USED   BEING  OF   PLATINUM. 

For  substances  the  sp.  gr.  of  which  exceeds  7.8,  no  correc- 
tion is  necessary. 

For  substances  the  sp.  gr.  of  which  is  less  than  7.8 : — 
Multiply  the  correction  opposite  the  sp.  gr.  of  the  substance, 
found  in  the  third  column,  by  the  number  of  ^rams,  tenths 
and  hundredths  observed,  if  the  sp.  gr.  falls  snort  of  8,  or 
by  the  number  of  ^rams  and  tenths,  if  the  sp.  gr.  exceeds 
8,  and  add  the  product  to  the  observed  weight. 

The  table  shows  within  what  limits  it  is  necessary  to  know 
the  sp.  gr. 
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(  Weiffhi8  of  Brass)  for 

Oorreciionper  Gram. 

(  Weights  of  Platinum)  for 

Spedfic  Gravity 

between— 

Error  <  ^  Mg. 

Specific  Qramty  between — 

27.788  and  11.064 

—0.000  067  gram. 

11.064 

6.904 

0.000  000 

61.^766  and  18.568 

6.904 

6.019 

+0.000  067 

18.568 

7.807 

6.019 

8.948 

0.000  188 

7.807 

5.480 

8.948 

8.247 

0000  200 

5.480 

4.222 

8.247 

2.759 

0.000  267 

4.222 

8.438 

2.759 

2.899 

0  000  888 

8.488 

2.898 

2.899 

2.122 

0.000  400 

2.898 

2.500 

2.122 

1.908 

0.000  467 

2.500 

2.201 

1.908 

1.724 

0.000  588 

2.201 

1.965 

1.724 

1.676 

0.000  600 

1.965 

1.776 

1.676 

1.462 

0.000  667 

1.776 

1.619 

1.452 

1.877 

0.000  788 

1.619 

1.488 

1.877 

1.254 

0  000  800 

1.488 

1.877 

1.254 

1.174 

0.000  867 

1.877 

1.281 

1.174 

1.103 

0.000  988 

1.281 

1.197 

1.108 

1.041 

0.001  000 

1.197 

1.124 

1.041 

0.986 

0.001  067 

1.124 

1.059 

0.001  183 

1.059 

1.002 

0.001  200 

1.002 

0.950 

(M  Amer.  Jour.,  16, 1878,  265;  LUbig's  Am.,  195, 1879, 

222.) 
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INTRODUCTION. 


In  the  autumn  of  1877  the  writer  began  collecting  data 
relative  to  the  determinations  of  atomic  weights,  with  the 
purpose  of  preparing  a  complete  resume  of  the  entire  sub- 
ject, and  of  recalculating  all  the  estimations.    The  work 
was  fairly  under  way,  the  material  was  collected  and  partly 
discussed,  when  I  received  from  the  Smithsonian  Institu- 
tion a  manuscript  by  Professor  George  F.  Becker,  entitled 
"Atomic  Weight  Determinations:  a  Digest  of  the  Investi- 
gations Published  since  1814."    This  manuscript,  which  has 
Jately  been  issued  as  Part  IV  of  the  "  Constants  of  Nature," 
covered  much  of  the  ground  contemplated  in  my  own 
undertaking.    It  brought  together  all  the  evidence,  pre- 
^nting  it  clearly  and  thoroughly  in  compact  form ;   in 
shoi^^  th^t  portion  of  the  task  could  not  well  be  improved 
^Pon.    Accordingly,  I  decided  to  limit  my  own  labors  to  a 
c^tical  recalculation  of  the  data;  to  combine  all  the  figures 
'^I^on  a  common  mathematical  basis,  and  to  omit  everything 
^hioh  could  as  well  be  found  in  Professor  Becker's  "  Digest." 
-A^t  the  very  beginning  of  my  work  certain  questions  con- 
.  ^^ted  me.    Should  I  treat  the  investigations  of  different 
^^di^riduals  separately,  or  should  I  combine  similar  data  to- 
^^tlier  in  a  manner  irrespective  of  persons  ?    For  example, 
^^Siit  I,  in  estimating  the  atomic  weight  of  silver,  to  take 
*'^3*  work  by  itself,  Marignac's  work  by  itself,  and  so  on, 
^^^   then  average  the  results  together;  or  should  I  rather 
^?^^l)ine  all  series  of  figures  relating  to  the  composition  of 
I^^t^^ium  chlorate  into  one  mean  value,  and  all  the  data 
^^^oeming  the  composition  of  silver  chloride  into  another 
^^€iii,  and,  finally,  compute  from  such  general  means  the 
^^stant  sought  to  be  established?    The  latter  plan  was 
^^^lly  adopted ;  in  fact,  it  was  rendered  necessary  by  the 
^^thod  of  least  squares,  which  method  was  alone  adequate 
*^  Supply  me  with  good  processes  for  calculation. 

(vn) 
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The  mode  of  discussion  and  combination  of  results  was 
briefly  as  follows.  The  formulse  employed  are  given  in 
another  chapter.  I  began  with  the  ratio  between  oxygen 
and  hydrogen ;  in  other  words,  with  the  atomic  weight  of 
oxygen  referred  to  hydrogen  as  unity.  Each  series  of  ex- 
periments was  taken  by  itself,  its  arithmetical  mean  was 
found,  and  the  probable  error  of  that  mean  was  computed. 
Then  the  several  means  were  combined  according  to  the 
appropriate  formula,  each  receiving  a  weight,  dependent 
upon  its  probable  error.  The  general  mean  thus  established 
was  taken  as  the  most  probable  value  for  the  atomic  weight 
of  oxygen,  and,  at  the  same  time,  its  probable  error  was 
mathematically  asssigned. 

Next  in  order  came  a  group  of  elements  which  were  best 
discussed  together,  namely,  silver,  chlorine,  potassium,  so- 
dium, bromine,  iodine,  and  sulphur.  For  these  elements 
there  were  data  from  thirteen  experimenters.  All  similar 
figures  were  first  reduced  to  common  standards,  and  then 
the  means  of  individual  series  were  combined  into  general 
means.  Thus  all  the  data  were  condensed  into  twenty 
ratios,  from  which  several  independent  values  for  the  atomic 
weight  of  each  element  could  be  computed.  The  probable 
errors  of  these  .values,  however,  all  involved  the  probable 
error  of  the  atomic  weight  of  oxygen,  and  were,  therefore, 
higher  than  they  would  have  been  had  the  latter  element 
not  entered  into  consideration.  Here,  then,  we  have  sug- 
gested a  chief  peculiarity  of  this  whole  revision.  The 
atomic  weight  of  each  element  involves  the  probable  errors 
of  all  the  other  elements  to  which  it  is  directly  or  indirectly 
referred.  Accordingly,  an  atomic  weight  determined  by 
reference  to  elements  whose  atomic  weights  have  been  defec- 
tively ascertained  will  receive  a  high  probable  error,  and  its 
weight,  when  combined  with  other  values,  will  be  relatively 
low.  For  example,  an  atomic  weight  ascertained  b\'  direct 
comparison  with  hydrogen  will,  other  things  being  equal, 
have  a  lower  probable  error  than  one  which  is  referred  to 
hydrogen  through  the  intervention  of  oxygen ;  and  a  metal 
whose  equivalent  involves  only  the  probable  error  of  oxygen 
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will  be  more  exactly  known  than  one  which  depends  upon 
the  greater  errors  of  silver  and  chlorine.  These  points 
will  appear  more  clearly  evident  in  the  subsequent  actual 
discussions. 

But  although  the  discussion  of  atomic  weights  is  osten- 
sibly mathematical,  it  cannot  be  purely  so.  Chemical  con- 
siderations are  necessarily  involved  at  every  turn.  In  as- 
signing weights  to  mean  values  I  have  been,  for  the  most 
part,  rigidly  guided  by  mathematical  rules;  but  in  some 
cases  I  have  been  compelled  to  reject  altogether  series  of  data 
which  were  mathematically  excellent,  but  chemically  worth- 
less because  of  constant  errors.  In  certain  instances  there 
were  grave  doubts  as  to  whether  particular  figures  should 
be  included  or  rejected  in  the  calculation  of  means ;  there 
having  been  legitimate  reasons  for  either  procedure.  Prob- 
ably many  chemists  would  differ  with  me  upon  such  points 
of  judgment.  In  fact,  it  is  doubtful  wl^ether  any  two  chem- 
ists, working  independently,  would  handle  all  the  data  in 
precisely  the  same  way,  or  combine  them  so  as  to  produce 
exactly  the  same  final  results.  Neither  would  any  two 
mathematicians  follow  identical  rules  or  reach  identical  con- 
clusions. In  calculating  the  atomic  weight  of  any  element 
those  values  are  assigned  to  other  elements  which  have  been 
determined  in  previous  chapters.  Hence  a  variation  in  the 
order  of  discussion  might  lead  to  slight  differences  in  the 
final  results. 

As  a  matter  of  course  the  data  herein  combined  are 
of  very  unequal  value.  In  many  series  of  experiments 
the  weighings  have  been  reduced  to  a  vacuum  standard; 
but  in  most  cases  chemists  have  neglected  this  correc- 
tion altogether.  In  a  majority  of  instances  the  errors  thus 
introduced  are  slight ;  nevertheless  they  exist,  and  interfere 
more  or  less  with  all  attempts  at  a  th^retical  consideration 
of  the  results.  For  example,  they  affect  seriously  the  in- 
vestigation of  Front's  hypothesis,  and  are  often  great  enough 
to  account  for  seeming  exceptions  to  it.  Such  questions  as 
these  will  be  considered  in  the  appendix. 

Another  serious  source  of  error  affecting  many  of  the  re- 
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suits  was  not  discovered  until  recently.  A  large  number  of 
computations  had  been  actually  finished,  involving,  among 
other  things,  the  greater  part  of  Stas'  work,  when  Dumas 
published  his  investigation  upon  the  occlusion  of  oxygen  by 
silver.  Here  it  was  shown  that  a  very  great  number  of 
atomic  weight  determinations  must  have  been  vitiated  by 
constant  errors,  which,  though  constant  for  each  series,  were 
probably  of  diflferent  magnitude  in  different  series,  and, 
therefore,  could  not  be  systematically  corrected  for.  At  the 
time  of  the  announcement  of  this  discovery  of  Dumas  my 
work  was  so  far  under  way  that  I  thought  it  best  to  com- 
plete my  discussion  without  reference  to  it,  and  then  to 
study  its  influence  in  the  appendix.  In  the  chapter  upon 
aluminum,  however,  it  will  be  noted  that  Mallet  eliminated 
this  error  in  great  part  from  his  experimental  results. 

Necessarily,  this  work  omits  many  details  relative  to  ex- 
perimental methods,  and  particulars  as  to  the  arrangements 
of  special  forms  of  apparatus.  For  such  details  original 
memoirs  must  be  consulted.  Their  inclusion  here  would 
have  rendered  the  work  unwarrantably  bulky.  There  is 
such  a  thing  as  over-exhaustiveness  of  treatment,  which  is 
equally  objectionable  with  under-thoroughness. 

Of  course,  none  of  the  results  reached  in  this  revision 
can  be  considered  as  final.  Every  one  of  them  is  liable  to 
repeated  corrections.  To  my  mind  the  real  value  of  the 
work,  great  or  little,  lies  in  another  direction.  The  data 
have  been  brought  together  and  reduced  to  common  stand- 
ards, and  for  each  series  of  figures  the  probable  error  has 
been  determined.  Tlius  far,  however  much  my  methods 
of  combination  may  be  criticized,  I  feel  that  my  labors  will 
have  been  useful.  The  ground  is  now  cleared,  in  a  measure, 
for  future  experimenters ;  it  is  possible  to  see  more  distinctly 
what  remains  to  be  done ;  some  clues  are  furnished  as  to  the 
relative  merits  of  different  series  of  results.  I  hope  to  be 
able,  from  time  to  time,  as  new  determinations  are  published, 
to  continue  the  task  here  begun,  and  perhaps,  also,  to  add, 
in  the  near  future,  some  data  of  my  own  establishing. 

In  addition  to  the  usual  periodicals  the  following  works 
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have  been  freely  used  by  me  in  the  preparation  of  this 
volume : 

BEBZEX.IUS,  J.  J.  Lehrbuch  der  Chemie.  5  Auflage.  Drit- 
ter  Band.    SS.  1147-1231.    1845. 

Van  Geuns,  W.  A.  J.  Proeve  eener  Geschiedenis  van  de 
iEquivalentgetallen  der  Scheikundige  GrondstofFen 
en  van  hare  Soortelijke  Gewigten  in  Gasvorm,  voor- 
nameUjk  in  Betrekking  tot  de  vier  Grondstoflfen  der 
Bewerktuigde  Natuur.    Amsterdam,  1853. 

Mulder,  E.  Historisch-Kritisch  Overzigt  van  de  Bepal- 
ingen  der  ^Equivalent-Gewigten  van  13  Eenvoudige 
Ligchamen.    Utrecht,  1853. 

Mulder,  L,  Historisch-Kritisch  Overzigt  van  de  Bepal- 
ingen  der  -^quivalent-Gewigten  van  24  Metalen. 
Utrecht,  1853. 

OuDEMANS,  A.  C,  Jr.  Historisch-Kritisch  Overzigt  van  de 
Bepaling  der  -ffiquivalent-Gewigten  van  Twee  en 
Twintig  Metalen.    Leiden,  1853. 

Stas,  J-  S.  Untersuchungen  iiber  die  Gesetze  der  Chem- 
ischen  Proportionen  iiber  die  Atomgewichte  und  ihre 
gegenseitigen  Verhaltnisse.  Uebersetzt  von  Dr.  L. 
Aronstein.    Leipzig,  1867. 

The  four  Dutch  monographs  above  cited  are  especially 
valuable.  They  represent  a  revision  of  all  atomic  weight 
data  down  to  1853,  as  divided  between  four  writers. 
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FORMULJE  FOR  THE  CALCULATION  OF 

PROBABLE  ERROR. 


Although  the  ordinary  formula  for  the  probable  error  of 
an  arithmetical  mean  is  familiar  to  all  physicists^  it  is  per- 
haps best  to  reproduce  it  here,  as  follows : 


<^i-)  '  =  ^  -^745  ^sroiTi-r 


) 


Here  n  represents  the  number  of  observations  or  experi- 
ments in  the  series,  while  S  is  the  sum  of  the  variations  of 
the  individual  results  from  the  mean. 

In  combining  several  arithmetical  means,  representing 
several  series,  into  one  general  mean  each  receives  a  weight 
indicated  by  its  probable  error ;  greater  as  the  latter  becomes 
less,  and  vice  versa.  Let  A,  B,  C,  etc.,  be  such  mean  results, 
and  a,  6,  c,  their  probable  errors  respectively.  Then  the 
general  mean  is  determined  by  this  formula : 


(2.)  M  = 


ABC 


"T^sT  +7r  +  ^  • 


For  the  probable  error  of  this  general  mean  we  have : 


(3.) 


m 


\a«  "^   ^  "^   H 


In  the  calculation  of  atomic  and  molecular  weights  the 
following  formulae  have  been  employed.  For  assistance  in 
connection  with  them  my  thanks  are  due  to  Professors  H. 
T.  Eddy  and  E.  W.  Hyde  of  the  University  of  Cincinnati. 

Using,  as  before,  capital  letters  to  represent  known  quan- 
tities and  small  letters  for  their  probable  errors  respectively. 
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we  have  for  the  sum  or  difference  of  two  quantities,  A  and 
B: 


(4.)  f  =  v^fl«  +  ^« 

For  tlie  product  of  A  multiplied  by  B  the  probable  error  is 

(5.)  e  =  i/(A3)«  +  (Ba)« 

For  tlie  product  of  three  quantities,  ABC : 

(6.;  '  =  i/(BCa)«  -f  (AQJ)«  +  (ABr)» 

For  a  quotient,  p  the  probable  error  becomes 


c7.)  .,=V(|yif 


Given   a  proportion,  A  :  B  : :  C  :  x,  the  probable  error  of 
the  foixrtli  term  is  as  follows : 


A 

This  formula  is  used  in  nearly  every  atomic  weight  cal- 
culation, and  is,  therefore,  exceptionally  important.  Rarely 
a  more  complicated  case  arises  in  a  proportion  of  this  kind : 

A:B::C4-x:D-fjc 

In  this  proportion  the  unknown  quantity  occurs  in  two 
terms.  Its  probable  error  is  found  by  this  expression,  and 
is  always  large : 


When  several  independent  values  have  been  calculated 
foT  an  atomic  weight  they  are  treated  like  means,  and  com- 
bined   according  to  formulae  (2)  and  (3.)    Each  final  result 
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is,  therefore,  to  be  regarded  as  the  general  mean  of  all  re- 
liable determinations.  This  method  of  combination  may 
not  be  the  best  one  theoretically  possible,  but  it  seemed  to 
be  the  only  one  practically  available.  The  data  are  too  im- 
perfect to  warrant  the  use  of  much  more  elaborate  processes 
of  discussion. 


RECAICDUTION  OF  THE  AMC  WEIGHIS. 


OXYGEN. 

The  ratio  between  oxygen  and  hydrogen  is  the  foundation 
upon  which  the  entire  system  of  atomic  weights  depends. 
Sence,  the  accuracy  of  its  determination  has,  from  the 
beginning,  been  recognized  as  of  extreme  importance.  A 
trifling  error  here  may  become  cumulative  when  repeated 
through  a  moderate  series  of  other  ratios. 

Leaving  out  of  account  the  earliest  researches,  which  have 
now  only  a  historical  value,  we  find  that  three  methods 
have  been  employed  for  fixing  this  important  constant. 
First,  the  synthesis  of  water,  effected  by  passing  hydrogen 
gas  over  red  hot^  oxide  of  copper.  Secondly,  the  exact 
determination  of  the  relative  density  of  the  two  gases. 
Thirdly,  by  weighing  the  quantity  of  water  formed  upon- 
the  direct  union  of  a  known  volume  of  hydrogen  with 
oxygen. 

The  first  of  these  methods  has  been  employed  in  three 

leading  investigations,  namely,  by  Dulong  and  Berzelius,'*' 

by  Dumas,  and  by  Erdmann  and  Marchand.    The  essential 

features  of  the  method  are  in  all  cases  the  same.    Hydrogen 

gas  is  passed  over^  heated  oxide  of  copper,  and  the  water 

thus  formed  is  collected  and  weighed.     From  this  weight 

and  the  loss  of  weight  which  the  oxide  undergoes,  the  exact 

composition  of  water  is  readily  calculated.     Dulong  and 

jB^Tzelius  made  but  three  experiments,  with  the  following 

results  for  the  percentages  of  oxygen  and   hydrogen  in 

in  water : 


0. 

H. 

88.942 

11.058 

88.809 

II. 191 

88.954 

11.046 

♦  Thomson's  Annals  of  Philosophy,  July,  1821,  p.  50. 
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These  figures,  rather  roughly  determined,  and  by  no 
means  exact  enough  to  meet  the  requirements  of  modem 
science,  give  a  mean  value  of  16.021  for  the  atomic  weight 
of  oxygen.  As  the  weighings  were  not  reduced  to  a  vacuum, 
this  correction  was  afterwards  applied  by  Clark,*  who  showed 
that  these  syntheses  really  make  0  =  15.894;  or,  in  Ber- 
zelian  terms,  if  0  =  100,  H  =  12.583. 

In  1842  Dumasf  published  his  elaborate  investigation 
upon  the  composition  of  water.  The  first  point  was  to  get 
pure  hydrogen.  This  gas,  evolved  from  zinc  and  sulphuric 
acid,  might  contain  oxides  of  nitrogen,  sulphur  dioxide, 
hydrosulphuric  acid,  and  arsenic  hydride.  These  impuri- 
ties were  removed  in  a  series  of  wash  bottles ;  the  H^  by  a 
solution  of  lead  nitrate,  the  H^s  by  silver  sulphate,  and 
the  others  by  caustic  potash.  Finally,  the  gas  was  dried  by 
passing  through  sulphuric  acid,  or,  in  some  of  the  experi- 
ments, over  phosphorus  pentoxide.  The  copper  oxide  was 
thoroughly  dried,  and  the  bulb  containing  it  was  weighed. 
By  a  current  of-  dry  hydrogen  all  the  air  was  expelled  from 
the  apparatus,  and  then,  for  ten  or  twelve  hours,  the  oxide 
of  copper  was  heated  to  dull  redness  in  a  constant  stream  of 
the  gas.  The  reduced  copper  was  allowed  to  cool  in  an 
atmosphere  of  hydrogen.  The  weighings  were  made  with 
the  bulbs  exhausted  of  air.  The  following  table  gives  the 
results: 

Ck)lumn  A  contains  the  symbol  of  the  drying  substance. 
B  gives  the  weight  of  the  bulb  and  copper  oxide.  C,  the 
weight  of  bulb  and  reduced  copper.  D,  the  weight  of  the 
vessel  used  for  collecting  the  water.  E,  the  same,  plus  the 
water.  F,  the  weight  of  oxygen.  G,  the  weight  of  water 
formed.  H,  the  crude  equivalent  of  H  when  0  =  10,000. 
I,  the  equivalent  of  H,  corrected  for  the  air  contained  in  the 
sulphuric  acid  employed.  This  correction  is  not  explained, 
and  seems  to  be  questionable. 


*  Philosophical  Magazine,  3d  series,  20,  341. 
fCompt.  Rend.,  14,  537. 
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In  the  sum  total  of  these  nineteen  experiments,  840.161 
grammes  of  oxygen  form  945.439  grammes  of  water.  This 
gives,  in  percentages,  for  the  composition  of  water,  oxygen 
88.864;  hydrogen,  11.186.  Hence  the  atomic  weight  of 
oxygen,  calculated  in  mass,  is  15.9608.  In  the  following 
column  the  values  are  given  as  deduced  from  the  individual 
data  given  under  the  headings  F  and  G : 


5-994 

6.014 
6.024 

S.992 
S.916 

S.916 

5-943 
6.000 

5.892 

5.995 
5.984 

S.958 
5.902 

5.9«7 
5.926 

5.992 

5.904 
5.900 

6.015 


Mean,  15.9607,  with  a  protMible  error  of  d=  .0O70. 

In  calculating  the  above  column  several  discrepancies 
were  noted,  probably  due  to  misprints  in  the  original  me- 
moir. On  comparing  columns  B  and  C  with  F,  or  D  and  E 
with  G,  these  anomalies  chiefly  appear.  They  were  detected 
and  carefully  considered  in  the  course  of  my  own  calcula- 
tions ;  and,  I  believe,  eliminated  from  the  final  result. 

The  paper  by  Erdmann  and  Marchand*  followed  closely 
after  that  of  Dumas.  The  method  of  research  was  essen- 
tially the  same  as  that  of  the  latter  chemist,  varying  only 
in  points  of  comparatively  unimportant  detail.  The  results 
are  given  in  two  series,  in  one  of  which  the  weighings  were 


*  Joum.  f.  Prakt.  Chem.,  1S42,  bd.  26,  s.  461. 
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not  actually  made  in  vacuo,  but  were,  nevertheless,  reduced 

to  a  vacuum  standard.    The  second  series  represents  actual 

vacuum  weighings.    The  quantity  of  water  formed  in  each 

experiment,  was  from  41.664  to  95.612  grammes.     I  give 

below  only  the  percentages  of    oxygen  and  hydrogen  in 

vater  as  deduced  from  Erdmann  and  Marchand's  data : 


First  Series. 

o. 

H. 

88.836 

II. 164 

88.821 

II. 179 

88.874 

II. 126 

88.868 

II. 132 

Second  Series. 

0. 

H. 

88.887 

II. 113 

88.898 

1 1. 102 

88.895 

II. 105 

88.899 

II.IOI 

atomic  weight  of 

oxyger 

1  is,  as  fo 

First  Series, 

Second  Series. 

15.915 

15.997 

15.891 

16.015 

15.976 

16.010 

15.966 

16.016 

Mean,  15.9369,  zh  .0138  Mean,  16.0095,  ^  .0030 

The  effect  of  discussing  these  two  series  separately  is 
somewhat*  startling.  It  gives  to  the  four  experiments  in 
Erdmann  and  Marchand's  second  group  a  weight  vastly 
greater  than  their  other  four  and  Dumas'  nineteen  taken 
together.  For  so  great  a  superiority  as  this  there  is  no 
adequate  reason ;  and  it  is  highly  probable  that  it  is  due 
almost  entirely  to  fortunate  coincidences,  rather  than  to 
greater  accuracy  of  work.  We  will,  therefore,  treat  Erd- 
n^ann  and  Marchand's  experiments  as  one  series,  giving  all 
equal  weight,  and  then  combine  them  with  the  results  ob- 
tained by  Dumas.    We  now  have — 
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By  Dumas O  =- 15.9607,  ^  .0070 

By  Erdmann  and  Marchand ..  O  =  15.9753,  =^  -0113 


General  mean... ...  O  =  15.964a,  dr  .0060 

In  discussing  the  relative  density  of  oxygen  and  hydro- 
gen gases  we  need  only  consider  the  more  modem  researches 
of  Dumas  and  Boussingault,  and  of  Regnault  As  ihe  older 
work  has  some  historical  value,  I  may  in  passing  just  cite 
its  results.  For  the  density  of  hydrogen  we  have  .0769, 
Lavoisier ;  .0693,  Thomson ;  .092,  Cavendish ;  .0732,  Biot 
andArago;  .0688,  Dulong  and  Berzelius.  For  oxygen  there 
are  the  following  determinations :  1.087,  Fourcroy,  Vauque- 
lin,  and  S6guin;  1.103,  Kirwan;  1.128,  Davy;  1.088,  Allen 
and  Pepys;  1.1036,  Biot  and  Arago;  1.1117,  Thomson; 
1.1056,  De  Saussure ;  1.1026,  Dulong  and  Berzelius ;  1,106, 
Buff;  1.1052,  Wrede.* 

In  1841  Dumas  and  Boussingaultf  published  their  deter- 
minations of  gaseous  densities.  For  hydrogen  they  obtained 
values  ranging  from  .0691  to  .0695 ;  but  beyond  this  mere 
statement  they  give  no  details.  For  oxygen  three  determi- 
nations were  made,  with  the  following  results : 

1.1055 
1. 1058 
I. 1057 


Mean,  1. 10567,  d=  .00006 

If  we  take  the  two  extreme  values  given  above  for  hydro- 
gen, and  regard  them  as  the  entire  series,  they  give  us  a 
mean  of  .0693,  dz  .00013. 

This  mean  hydrogen  value,  combined  with  the  mean 
oxygen  value,  gives  for  the  atomic  weight  of  the  latter  ele- 
ment the  number  15.9538,  db  .031. 

Regnault's  researches,  published  four  years  later,t  were  of 

*  For  Wrede's  work,  see  Berzelius'  Jahresbericht  for  1S43.  ^<^^  Dulong  and 
Berzelius,  see  the  paper  already  cited.  All  the  other  determinations  are  taken 
from  Gmelin's  Handbook,  Cavendish  edition,  v.  i,  p.  279. 

f  Compt  Rend.y  12, 1005.     Compare  also  with  Dumas,  Compt.  Rend.,  14,  $37. 

X  Compt.  Rend.,  20,  975. 
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a  more  satisfactory  kind.     Indeed,  they  are  among  the 

classics  of  physical  science ;  and  probably  approach  as  near 

to  absolute  accuracy  as  is  possible  for  experiment. 

For  hydrogen  three  determinations  of  density  gave  the 

following  results : 

.06923 
.06932 
.06^24 

I 

Mean,  .069263,  db  .OCOO19 

For  oxygen  four  determinations  were  made,  but  in  the 
first  one  the  gas  was  contaminated  by  traces  of  hydrogen, 
and  the  value  obtained,  1.10525;  was,  therefore,  rejected  by 
R^ault  as  too  low.    The  other  three  are  as  follows : 

1. 1 0561 

1. 10564 

1. 10565 


Mean,  1. 105633,  db  .000008 

■ 

Now,  combining  the  hydrogen  and  oxygen  series,  we  have 
for  the  atomic  weight  of  oxygen,  15.9628,  ±  .0044.* 

Upon  combining  the  result  of  Regnault's  work  with  that 
from  Dumas  and  Boussingault's  we  get  the  following  value : 

From  Dumas  and  Boussingault O  =  15.9538,  db  .031 

From  Regnault O  =  15.9628,  dz  .0044 


General  mean O  =  15.9627,  ±  .0043 

This  result,  it  will  be  seen,  agrees  remarkably  well  with 
that  obtained  in  the  experiments  upon  the  synthesis  of 

water. 


*  Since  these  compntations  were  made,  Professor  John  Le  Conte  has  called  my 
attention  to  the  existence  of  slight  numerical  errors  in  Regnault's  own  reductions. 
As  corrected  by  Le  Conte,  Regnault's  figures  give  1.105612  for  the  density  of 
oxygen,  and  0.069269  for  that  of  hydrogen.  Hence  the  atomic  weight  of  O  be- 
comes 15.9611,  instead  of  15.9628.  The  difference  is  slight,  but  still  it  ought 
^  to  be  ignored.  All  the  computations  in  the  body  of  this  work,  having  been 
^hed  before  I  received  Professor  Le  Conte's  figures,  must  stand,  nevertheless, 
«s  they  are.  For  further  details  Le  Conte  refers  to  Phil.  Mag.,  (4,)  27,  p.  29, 
'^;  and  also  to  the  Smithsonian  Report  for  1878,  p.  428. 
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The  third  method  indicated  at  the  beginning  of  this  dis- 
cussion has  been  recently  employed  in  part  by  J.  Thomsen* 
of  Copenhagen.  Unfortunately  this  chemist  has  not  pub- 
lished the  details  of  his  work,  but  only  the  end  results. 
These  serve  to  confirm  the  values  for  oxygen  fixed  by  other 
methods,  but  they  cannot  well  be  included  in  the  systematic 
discussion.  Partly  by  the  oxidation  of  hydrogen  over 
heated  copper  oxide,  and  partly  by  its  direct  union  with 
oxygen,  Thomsen  finds  that  at  the  latitude  of  Ck)penhagen, 
and  at  sea  level,  one  litre  of  dry  hydrogen  at  0®  and  760 
mm.  pressure  will  form  .8041  gramme  of  water.  According 
to  Regnault,  at  this  latitude,  level,  temperature,  and  press- 
ure, a  litre  of  hydrogen  weighs  .08954  gramme.  From 
these  data,  0  =  15.9605.  It  will  be  seen  at  once  that  Thom- 
son's work  depends  in  great  part  upon  that  of  Regnault, 
and  yet  that  it  afifords  an  admirable  reinforcement  of  the 
latter.  > 

It  is  now  plain,  in  conclusion,  that  all  the  different  lines 
of  research  point  to  an  atomic  weight  for  oxygen  a  little 
below  16.00.  Five  distinct  investigations  confirm  each  other 
wonderfully.*  Upon  combining  the  values  obtained  by  the 
two  chief  methods  we  get  the  following  final  results : 

From  synthesis  of  water..... O  =  15.9642,  db  .0060 

From  gaseous  densities .» ..  O  =  15.9627,  d=  •0043 

In  the  general  mean  the  atomic  weight  of  oxygen  be- 
comes 15.9633,  with  a  probable  error  of  ±  .0035.t 


*Ber.  d.  Deutsch.  Chem.  Gesellschaft,  1870,  s.  928. 

f  Le  Conte's  correction  of  Regnault's  figures  introduced  here  would  make  O  ss 
15.9622,  instead  of  15.9633.     Difference,  .0011. 
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SILVER,  POTASSIUM,  SODIUM,  CHLORINE, 
BROMINE,  IODINE,  AND  SULPHUR. 

The  atomic  weights  of  these  seven  elements  depend  upon 
each  other  to  so  great  an  extent  that  they  can  hardly  be 
considered  independently.    Indeed,  chlorine,  potassium,  and 
silver  have  always  been  mutually  determined.    From  the 
ratio  between  silver  and  chlorine,  the  ratio  between  silver 
and  potassium  chloride,  and  the  composition  of  potassium 
chlorate,  these  three  atomic  weights  were  first  accurately 
fixed.    Similar  ratios,  more  recently  worked  out  by  Stas 
and  others,  have  rendered  it  desirable  to  include  bromine, 
iodine,  sulphur,  and  sodium  in  the  same  general  discussion.. 
Several  methods  of  determination  will  be  left  altogether 
out  of  account.    For  example,  in  1842  Marignac*  sought  to 
fix  the  atomic  weight  of  chlorine  by  estimating  the  quantity 
of  water  formed  when  hydrochloric  acid  gas  is  passed  over 
heated  oxide  of  copper.    His  results  were  wholly  inaccu- 
rate, and  need  no  further  mention  here.    A  little  later  Lau- 
rentf  redetermined  the  same  constant  from  the  analysis  of 
a  chlorinated  derivative  of  naphthalene.    This  method  did 
not  admit  of  extreme  accuracy,  and  it  presupposed  a  knowl- 
edge of  the  atomic  weight  of  carbon ;  hence  it  may  be  prop- 
erly disregarded.    Maumen6'sJ  analyses  of  the  oxalate  and 
acetate  of  silver  gave  good  results  for  the  atomic  weight  of 
that  metal ;  but  they  also  depend  for  their  value  upon  our 
knowledge  of  carbon,  and  will,  therefore,  be  discussed  fur- 
ther on  with  reference  to  that  element. 

Let  us  now  consider  the  ratios  upon  which  we  must  rely 
for  ascertaining  the  atomic  weights  of  the  seven  elements  in 
question.  After  we  have  properly  arranged  our  data  we 
may  then  discuss  their  meaning.    First  in  order  we  may 

*C6mpt.  Rend.,  14,  570.     Also,  Joum.  f.  Prakt.  Chem.,  26,  304. 
f  Compt.  Rend.,  14,  456.    Joum.  f.  Prakt.  Chem.,  26,  307. 
J  Ann.  d.  Chim.  ct  d.  Phys.,  (3,)  18,  41.     1846. 
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conveniently  take  up  the  percentage  of  potassium  chloride 
obtainable  from  the  chlorate. 

The  first  reliable  series  of  experiments  to  determine  this 
percentage  was  made  by  Berzelius.'*'  All  the  earlier  estima- 
tions were  vitiated  by  the  fact  that  when  potassium  chlo- 
rate is  ignited  under  ordinary  circumstances  a  little  solid 
material  is  mechanically  carried  away  with  the  oxygen  gas. 
Minute  portions  of  the  substance  may  even  be  actually  vol- 
atilized. These  sources  of  loss  were  avoided  by  Berzelius, 
who  devised  means  for  collecting  and  weighing  this  trace 
of  potassium  chloride.  All  the  successors  of  Berzelius  in 
this  work  have  benefitted  by  his  example;  although  for  the 
methods  by  which  loss  has  been  prevented  we  must  refer  to 
the  original  papers  of  the  several  investigators.  In  short, 
then^  Berzelius  ignited  potassium  chlorate,  and  determined 
the  percentage  of  chloride  which  remained.  Pour  experi- 
ments gave  the  following  results : 

6o.8S4 

60.850 
60.850 
60.851 


Mean,  60.851,  with  a  probable  error  of  ±z  .0006 

The  next  series  was  made  by  Penny ,t  in  England,  who 
worked  after  a  somewhat  different  method.  He  treated  po- 
tassium chlorate  with  strong  hydrochloric  acid  in  a  weighed 
flask,  evaporated  to  dryness  over  a  sand  bath,  and  then 
found  the  weight  of  the  chloride  thus  obtained.  His  results 
are  as  follows,  in  six  trials : 

60.825 
60.822 
60.815 
60.820 
60.823 
60.830 


Mean,  60.8225,  ^  .0014 


*Poggend.  Annalen,  1826,  bd.  8,  s.  i, 
t  Phil.  Transactions,  1839,  p.  20. 
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In  1842  Pelouze'*'  made  three  estimations  by  the  ignition 
of  the  chlorate,  with  these  results : 

60.843 
60.857 
60.830 

Mean,  60.843,  ±  -OOSS 

Marignac,  in  1842,t  worked  with  several  diflferent  recrys- 
tallizatioDs  of  the  commercial  chlorate.  He  ignited  the 
salt,  with  the  usual  precautions  for  collecting  the  material 
carried  off  mechanically,  and  also  examined  the  gas  which 
was  evolved.  He  found  that  the  oxygen  from  50  grammes 
of  chlorate  contained  chlorine  enough  to  form  .003  gramme 
of  silver  chloride.  Here  are  the  percentages  found  by  Ma- 
rignac ; 

la  chlorate  once  crystallized ...^  60.845 

In  chlorate  once  crystallized 60. 835 

In  chlorate  twice  crystallized. 60.833 

In  chlorate  twice  crystallized 60.844 

In  chlorate  three  times  crystallized '60.839 

In  chlorate  four 'time»  crystallized 60.839 

Mean,  60.8392,  db  .0013 

In  the  same  paper  Marignac  describes  a  similar  series  of 

experiments  made  upon  potassium  perchlorate,  ECIO4.    In 

three  experiments  it  was  found  that  the  salt  was  not  quite 

free  from  chlorate,  and  in  three  more  it  contained  traces  of 

iron.    A  single  determination  upon  very  pure  material  gave 

46.187  per  cent,  of  oxygen  and  53.813  of  residue. 

In  1846  two  series  of  experiments  were  published  by 

Gerhardt.t    The  first,  made  in  the  usual  way,  gave  these 

results : 

60.871 

60.881 

60.875 

Mean,  60.8757,  ^  .0020 

*  Compt  Rend.,  15,  959. 

f  Ann.  d.'Chem.  u.  Pharm.,  bd.  44,  s.  18. 

X  Compt.  Rend.,  21,  1280. 
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In  the  second  series  the  oxygen  was  passed  through  a 
weighed  tube  containing  moist  cotton,  and  another  filled 
with  pumice  stone  and  sulphuric  acid.  Particles  were  thus 
collected  which  in  the  earlier  series  escaped.  From  these 
experiments  we  get — 

60.947 

60.947 
60.952 


Mean,  60.9487,  di  .0011 

These  last  results  were  afterwards  sharply  criticized  by 
Marignac,*  and  their  value  seriously  questioned. 

The  next  series,  in  order  of  time,  is  due  to  Maumene.f 
This  chemist  supposed  that  particles  of  chlorate,  mechani- 
cally carried  away;  might  continue  to  exist  as  chlorate,  un- 
decomposed ;  and  'hence  that  all  previous  series  of  experi- 
ments might  give  too  high  a  value  to  the  residual  chloride. 
In  his  determinations,  therefore,  the  ignition  tube,  after 
expulsion  of  the  oxygen,  was  uniformly  heated  in  all  its 
parts.    Here  are  his  percentages  of  residue : 

60.7S8 
60.790 
60.793 
60.791 
60.785 
60.795 
60.795 


Mean,  60.791,  d=  .0009 

The  question  which  most  naturally  arises  in  connection 
with  these  results  is,  whether  portions  of  chloride  may  not 
have  been  volatilized,  and  so  lost. 

Closely  following  Maumene's  paper  there  is  a  short  note 
by  Faget,J  giving  certain  mean  results.  According  to  this 
chemist,  when  potassium  chlorate  is  ignited  slowly,  we  get 

*  Supp.  Bibl.  Univ.  de  Gcnive,  Vol.  I. 

t  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  18,  71.     1846. 

I  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  18,  80.     1846. 
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60.847  per  cent  of  residue.  When  the  ignition  is  rapid,  we 
get  60.942.  As  no  detailed  experiments  are  given,  these 
figures  can  have  no  part  in  our  discussion. 

Last  of  all  we  have  two  series  determined  by  Stas."*"  In 
the  first  series  we  have  the  results  obtained  by  igniting  the 
chlorate.  In  the  second  seAes  the  chlorate  was  reduced  by 
strong  hydrochloric  acid,  after  the  method  followed  by 
Penny : 

First  Series, 
60.8380 
60.8395 
60.8440 
60.8473 
60.8450 

Mean,  60.84276,  d=  .0012 

Second  Series, 
60.850 
60.853 
60.844 

Mean,  60.849,  d=  .0017 

In  these  experiments  every  conceivable  precaution  was 
taken  to  avoid  error  and  ensure  accuracy.  All  weighings 
were  reduced  to  a  vacuum  standard;  from  70  to  142 
grammes  of  chlorate  were  used  in  each  experiment;  and 
the  chlorine  carried  away  with  the  oxygen  in  the  first  series 
was  absorbed  by  finely  divided  silver  and  estimated.  It  is 
difficult  to  see  how  any  error  could  have  crept  in. 

Now,  to  combine  these  different  series  of  experiments. 

BesBelias,  mean  result 60.851,    db  .0006 

Penny,  " 60.8225,^1.0014 

Pelottze,  "  -«  60.843,    d:  .0053 

Marignac,  "  60.8392,^1.0013 

G«rhaxdt,  1st  «•  — 60.8757,  d=  .0020 

"  2d  •*  60.9487,  lb  .001 1 

Manmen^t  "  ^— 60.791,    ±.0009 

Slas,  1st  •*  60.8428,  =b  .0012 

••  2d  "  * 60.849,    db  .0017 

General  mean,  from  all  nine  series,  representing  forty 

experiments ' 60.846,    d=  .00038 

*  See  Aronstein's  Translation,  p.  249. 
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This  value  is  exactly  that  which  Stas  deduced  from  both 
of  his  own  series'combined,  and  gives  great  emphasis  to  his 
wonderfully  accurate  work.  It  also  finely  illustrates  the 
compensation  of  errors  which  occurs  in  combining  the  fig- 
ures of  difierent  experimenters. 

Similar  analyses  of  silver  chlorate  have  been  made  by 
Marignac  and  by  Stas.  Marignac's  figures  I  have  not  been 
able  to  find,*  and  Stas  gives  but  two  experiments.  The  fol- 
lowing are  his  percentages  of  oxygen  in  silver  chloilate  :t 

25.081 
25.078 


Mean,  25.0795,  db  .0010 

For  the  direct  ratio  between  silver  and  chlorine  there  are 
seven  available  series  of  experiments.  Here,  as  in  many 
other  ratios,  the  first  reliable  work  was  done  by  Berzelius.  J 

He  made  three  estimations,  using  each  time  twenty 
grammes  of  pure  silver.  This  was  dissolved  in  nitric  acid. 
In  the  first  experiment  the  silver  chloride  was  precipitated 
and  collected  on  a  filter.  In  the  second  and  third  experi- 
ments the  solution  was  mixed  with  hydrochloric  acid  in  a 
flask,  evaporated  to  dryness,  and  the  residue  then  fused  and 
weighed  without  transfer.  One  hundred  parts  of  silver 
formed  of  chloride : 

*  Since  all  the  calculations  were  finished  I  have  secured  a  copy  of  Marignac^s 
figures.  They  are  as  follows :  The  third  column  gives  the  percentage  of  O  in 
AgClO,. 

24.510  gim.  AgClOj  gave  18.3616  AgCl.  25.103 

25.809  "  "  19.3345      "  25.086 

30.306  "  "  22.7072     "  '25.074 

28.358  **  '*  21.2453      "  25.082 

28.287  "  "  21.1833     "  25.113 

57.170  "  "  42.8366     "  25.072 


Mean,  25.088,  =b  .0044 
The  introduction  of  these  figures  into  the  subsequent  calculations  could  not 
produce  any  appreciable  result.     They  would  practically  vanish  from  the  general 
mean.     However,  they  serve  here  as  confirmation  of  Stas'  work, 
t  Aronstein's  Translation,  p.  214. 
X  Thomson's  Annals  of  Philosophy,  1820,  v.  15,  p.  89, 
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132-700 
132.780 

132.790 


Mean,  132.757,  dr  .019 

Turner's  work*  closely  resembles  that  of  Berzelius.  Silver 
was  dissolved  in  nitric  acid  and  precipitated  as  chloride. 
In  experiments  one,  two,  and  three  the  mixture  was  evapo- 
rated and  the  residue  fused.  In  experiment  four  the  chlo- 
ride was  collected  on  a  filter.  A  fifth  experiment  was 
made,  but  has  been  rejected  as  worthless. 

The  results  were  as  follows :  In  a  third  column  I  put  the 
quantity  of  AgCl  proportional  to  100  parts  of  Ag. 

28.407  grains  Ag  gave  37-737  AgCl.  132.844 

4i-9«7         "  "        55-678     "  132.829 

40.006         "  «        S3'H3     "  132.837 

50.922         "  "        41.070     "  132.818 


Mean,  132.832,  di  .0038 

The  same  general  method  of  dissolving  silver  in  nitric 
acid,  precipitating,  evaporating,  and  fusing  without  transfer 
of  material  was  also  adopted  bj  Penny .f  His  results  for 
100  parts  of  silver  are  as  follows,  in  parts  of  chloride : 

132.836 
132.840 
132.830 
132.840 
132.840 
132.830 
J  132.838 


Mean,  132.8363,  dr  .0012 

In  1842  Marignact  found  that  100  parts  of  silver  formed 
132.74  of  chloride,  but  gave  no  available  details.    Later,|| 


*  Phil.  Transactions,  1829,  291. 

f  Phil.  Transactions,  1839,  28. 

X  Ann.  Chem.  Pharm.,  44,  21. 

I  See  Berzelius'  Lehrbuch,  5th  Ed.,  Vol.  3,  pp.  1192,  1193. 
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in  another  series  of  determinations,  he  is  more  explicit,  and 
gives  the  following  data :  The  weighings  were  reduced  to 
a  vacuum  standard. 

79.853  grm.  Ag  gave  106.080  AgCl.  Ratio,  132.844 

69.905             "             92.864     "  132.843 

64.905             "              86.210     <*  132.825 

92.362             **            122.693     "  132*839 

99-653  "  132.383     "  132.844 


Mean,  132.839,  db  .0024 

The  above  series  all  represent  the  synthesis  of  silver  chlo- 
ride. Maumene'*'  made  analyses  of  the  compound,  reducing 
it  to  metal  in  a  current  of  hydrogen.  His  experiments 
make  100  parts  of  silver  equivalent  to  chloride : 

«32.734 

132.754 
132.724 

132.729 
132.741 


Mean,  132.7364,  d:  .0077 

By  Dumasf  we  have  the  following  estimations : 

9.954  Aggave  13.227  AgG.  Ratio,  132.882 

19.976        «*        26.542     "  132.869 


Mean,  132.8755,  dz  .0044 

Finally,  there  are  seven  determinations  by  Stas,t  made 
with  his  usual  accuracy  and  with  every  precaution  against 
error.  In  the  first,  second,  and  third,  silver  was  heated  in 
chlorine  gas,  and  the  synthesis  of  silver  chloride  thus 
eflFected  directly.  In  the  fourth  and  fifth  silver  was  dis- 
solved in  nitric  acid,  and  the  chloride  thrown  down  by 
passing  hydrochloric  acid  gas  over  the  surfia.ce  of  the  solution. 
The  whole  was  then  evaporated  in  the  same  vessel,  and  the 
chloride  fused,  first  in  an  atmosphere  of  hydrochloric  acid, 

*  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  18,  49.     1846. 
f  Ann.  Chem.  Phann.,  113,  21.     i860. 
i  Aronstein's  Translation,  p.  171. 
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and  then  in  a  stream  of  air.  The  sixth  synthesis  was  simi- 
lar to  these,  only  the  nitric  solution  was  precipitated  by 
hydrochloric  acid  in  slight  excess,  and  the  chloride  thrown 
down  was  washed  by  repeated  decantation.  All  the  de- 
canted hquids  were  afterwards  evaporated  to  dryness,  and 
the  trace  of  chloride  thus  recovered  was  estimated  in  addi- 
tion to  the  main  mass.  The  latter  was  fused  in  an  atmos- 
phere of  HCl.  The  seventh  experiment  was  like  the  sixth, 
only  ammonium  chloride  was  used  instead  of  hydrochloric 
acid.  From  98.3  to  399.7  grammes  of  silver  were  used  in 
each  experiment,  the  operations  were  performed  chiefly  in 
the  dark,  and  all  weighings  were  reduced  to  vacuum.  In 
every  case  the  chloride  obtained  was  beautifully  white. 
The  following  are  the  results  in  chloride  for  100  of  silver : 

132.841 

132-843 

132.843 
132.849 

132.846 

132.848 

122.8417 

Mean,  132.8445,  dh  .0008 

We  may  now  combine  the  means  of  these  seven  series, 
representing  in  all  thirty-three  experiments.  One  hundred 
parts  of  silver  are  equivalent  to  chlorine,  as  follows : 

Berzelius.- 32.757.    ±  •o»90 

Turner 32.832,    d=  .0038 

Penny 328363,  db  .0012 

Marignac 32.839,    dr  .0024 

Maumen^ 32.7364.  ±  .a>77 

Dumas 32.8755,  dr  .0044 

Stas 32.8445.  ± -OOoS 

General  mean 32.8418,  dr  .0006 

Here,  again,  we  have  a  fine  example  of  the  evident  com- 
pensation of  errors  among  different  series  of  experiments. 
We  have  also  another  tribute  to  the  accuracy  of  Stas,  since 
this  general  mean  varies  from  the  mean  of  his  results  only 
within  the  limits  of  his  own  variations. 


I 
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The  ratio  between  silver  and  potassium  chloride,  or,  in 
other  words,  the  weight  of  silver  in  nitric  acid  solution 
which  can  be  precipitated  by  a  known  weight  of  KCl,  has 
been  fixed  by  Marignac  and  by  Stas.  Marignac,*  reducing 
all  weighings  to  vacuum,  obtained  these  results.  In  the 
third  column  I  give  the  weight  of  KCl  proportional  to  100 
parts  of  Ag. 


4.7238 

gnn.  Ag: 

=  3.2626  KCl: 

69.067 

21.725 

15.001 

69.050 

21.759 

15.028 

69.066 

21.909 

15.^1 

69.063 

22.032 

15.216 

69.063 

25.122 

17.350 

69.063 

Mean,  69.062,  dt  .0017 

Stas'  experiments  upon  this  ratio  may  be  divided  into  two 
series.f  In  the  first  series  the  silver  was  slightly  impure, 
but  the  impurity  was  of  known  quantity,  and  corrections 
could  therefore  be  applied.  In  the  second  series  pure  silver 
was  employed.  The  potassium  chloride  was  from  several 
different  sources,  and  in  every  case  was  purified  with  the 
utmost  care.  From  10.8  to  32.4  grammes  of  silver  were 
taken  in  each  experiment,  and  the  weighings  were  reduced 
to  vacuum.  The  method  of  operation  was,  in  brief,  as  fol- 
lows: A  definite  weight  of  potassium  chloride  was  taken, 
and  the  exact  quantity  of  silver  necessary,  according  to 
Front's  hypothesis,  to  balance  it  was  also  weighed  out.  The 
metal,  with  suitable  precautions,  was  dissolved  in  *  nitric 
acid,  and  the  solution  mixed  with  that  of  the  chloride. 
After  double  decomposition  the  trifling  excess  of  silver  re- 
maining in  the  liquid  w&s  determined  by  titration  with  a 
normal  solution  of  potassium  chloride.  One  hundred  parts 
of  silver  required  the  following  of  KCl : 


*  See  BerzcUus*  Lehrbuch,  5th  edition,  Vol.  3,  pp.  1192,  1193. 
t  Aronstein's  Translation,  pp.  250-257. 
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First  Series, 

69.105 
69.104 
69.103 
69.104 
69.102 

Meftn,  69.1036,  dr  .0003 

Second  Series, 

69.105 

69.099 

69.107 

69.103 

69.103 

69.105 

69.104 

69.099 

69.1034 

69.104 

69.103 

69.102 

69.104 

69.104 

69.105 

69.103 

69,101 

60.105 

69.103 

Mean,  69. 1033,  d=  .0003  * 

Now,  combining  the  three  series,  with  their  thirty  experi- 
ments/ we  get  the  following : 

Marignac 69.062,    ±  .0017 

Stas,  1st  series 69.1036,  db  .0003 

Stas,  2d  series ^  69.1033,  ±:  .0003 

General  mean. 69.1032,  ±  .0002 

The  quantity  of  silver  chloride  which  can  be  formed  from 
a  known  weight  of  potassium  chloride  has  also  been  deter- 
mined by  Berzelius,  Marignac,  and  Maumene.  Berzelius* 
found  that  100  parts  of  KCl  were  equivalent  to  194.2  of 

*  Poggend.  Annal.,  8,  I.     1826. 
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AgCl;  a  value  which,  corrected  for  weighings  in  air,  be- 
comes 192.82.  This  experiment  will  not  be  included  in  our 
discussion. 

In  1842  Marignac*  published  two  determinations,  with 
these  results  from  100  KCl : 

192.33 
192.34 

Mean,  corrected  for  weighing  in  air,  192.26,  db  .003 

In  1846  Marignact  published  another  set  of  results,  as 
follows.  The  weighings  were  reduced  to  vacuum.  The 
usual  ratio  is  in  the  third  column. 

17.034  grm.  KCl  gave  32.761  AgCl.  192.327 

14.427  "  27.749     «  192.341 

15.028  "  28.910     «*  192.374 

1 5. 13 1  "  29.102     "  192.334 

15.216  "  29.271      "  192.370 

Mean,  192.349,  d=  .006 

Three  estimations  of  the  same  ratio  were  also  made  bv 
Maumene,!  as  follows : 

10.700  grm.  KCl  gave  20.627  AgCl.  192.776 

10.5195  **  20.273     "  192.716 

8.587  "  16.556     "  192.803 

Mean,  192.765,  d=  .017 

The  three  series  of  ten  experiments  in  all  foot  up  thus : 

Marignac,  1842 192.260,  ±  .003 

"         1846 192.349,  db  .006 

Maumen^ 192.765,  d=  .017 

*        General  meaiT 192.294,  db  .0029 

These  figures  show  clearly  that  the  ratio  which  they  rep- 
resent is  not  of  very  high  importance.  It  might  be  rejected 
altogether  without  impropriety,  and  is  only  retained  for  the 

*Ann.  Chem.  Phaiin.,44,  21.     1842.    > 

t  Berzelius'  Lehrbuch,  5th  Ed,,  Vol.  3,  pp.  1192,  1193. 

J  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  18,  41.     1846. 
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sake  of  completeness.    It  will  obviously  receive  but  little 
weight  in  our  final  discussion. 

In  estimating  the  atomic  weight  of  bromine  the  earlier 
experiments  of  Balard,  Berzelius,  Liebig,  and  Lowig  may  all 
be  rejected.  Their  results  were  all  fer  too  low,  probably  be- 
cause chlorine  was  present  as  an  impurity  in  the  materials 
employed.  Wallace's  determinations,  based  upon  the  anal- 
ysis of  arsenic '  tribromide,  are  tolerably  good,  but  need  not 
be  considered  here.  In  the  present  state  of  our  knowledge, 
Wallace^s  analyses  are  better  fitted  for  fixing  the  atomic 
weight  of  arsenic,  and  will,  therefore,  be  discussed  with  ref- 
ference  to  that  element. 

The  ratios  with  which  we  now  have  to  deal  are  closely 
similar  to  thosis  involving  chlorine.  In  the  first  place  there 
are  the  analyses  of  silver  bromate  by  Stas.*  In  two  careful 
experiments  he  found  in  this  salt  the  following  percentages 

of  oxygen : 

20.351 
20.347 


Mean,  20.349,  ±  .0014 

There  are  also  four  analyses  of  potassium  bromate  by 
Marignacf  The  salt  was  heated,  and  the  percentage  loss  of 
oxygen  determined.  The  residual  bromide  was  feebly  alka- 
line. We  cannot  place  much  reliance  upon  this  series. 
The  results  ^re  as  follows : 

28.7016 
28.6496 
28.6050 
28.7460 


Mean,  28.6755,  ±  .0207 


When  silver  bromide  is  heated  in  chlorine  gas,  silver 
chloride  is  formed.    In  1860  Dumasit  employed  this  method 

— t ■■-■■■■ 

^Aroostein's  Translation,  pp.  200-206. 

f  See  £.  Mulder's  Ovenigt,  p.  117;  or  Berzelius'  Jahresbericht,  24,  72. 

lAnn.  Chem.  Fhann.,  113,  20. 
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for  estimating  the  atomic  weight  of  bromine.  His  results 
are  as  follows :  In  the  third  column  I  give  the  weight  of 
AgBr  equivalent  to  100  parts  of  AgCl. 

2.028  gnn.  AgBr  gave  1.547  AgCl.  131.092 

4.237  "  3.235     «  130.974 

5-7^  "  4.403     "  131.024 


Mean,  131.030,  zt  .023 

This  series  is  evidently  of  but  little  value. 

But  the  two  ratios  upon  which,  in  connection  with  Stas' 
analyses  of  silver  bromate,  the  atomic  weight  of  bromine 
chiefly  depends  are  those  which  connect  silver  with  the 
latter  element  directly  and  silver  with  potassium  bromide. 

Marignac,*  to  effect  the  synthesis  of  silver  bromide,  dis- 
solved the  metal  in  nitric  acid,  precipitated  the  solution 
with  potassium  bromide,  washed,  dried,  fused,  and  weighed 
the  product.  The  following  quantities  of  bromine  were 
found  proportional  to  100  parts  of  silver  : 

74.072 

74.055 
74.066 


Mean,  reduced  to  a  vacuum  standard,  74.077,  ±  .003 

Much  more  elaborate  determinations  of  this  ratio  are  due 
to  Stas.t  In  one  experiment  a  known  weight  of  silver  was 
converted  into  nitrate,  and  precipitated  in  the  same  vessel 
by  pure  hydrobromic  acid.  The  resulting  bromide  was 
washed  thoroughly,  dried,  and  weighed.  In  four  other 
estimations  the  silver  was  converted  into  sulphate.  Then  a 
known  quantity  of  pure  bromine,  as  nearly  as  possible  the 
exact  amount  necessary  to  precipitate  the  silver,  was  trans- 
formed into  hydrobromic  acid.  This  was  added  to  the 
dilute  solution  of  the  sulphate,  and,  after  precipitation  was 
complete,  the  minute  trace  of  an  excess  of  silver  in  the  clear 
supernatant  fluid  was  determined.    All  weighings  were  re- 

*  £.  Mulder's  Overzigt,  p.  116.     Berzelius*  Jahresbericht,  24,  72. 
f  Aronstein's  Translation,  pp.  154-170. 
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duced  to  a  vacuum.  From  these  experiments,  taking  both 
series  as  one,  we  get  the  following  quantities  of  bromine 
corresponding  to  100  parts  of  silver : 

74.0830 


74.0790 

74.0795 
74.0805 

74.0830 


Mean,  74.081,  dr  .0006 

Combining  this  with  Marignac's  result,  74.077,  ±  .003,  we 
get  as  a  general  mean  the  value  74.0809,  i  .0006.* 

The  ratio  between  silver  and  potassium  bromide  was  first 
accurately  determined  by  Marignacf  I  give,  with  his 
weighings,  the  quantity  of  KBr  proportional  to  100  parts  of 
Ag: 

2. 131  grm.  Ag  =    2.351  KBr.  1 10.324 

"  1 10.316 

"  1 10.339 

"  110.283 

"  1 10.314 

"  110.321 

"  110.293 


2.559 

«< 

2.823 

2.447 

« 

2.700 

3.025 

« 

3.336 

3.946 

it 

4.353 

11.569 

t* 

12.763 

20.120 

« 

22.191 

Mean,  corrected  for  weighing  in  air,  110.343,  dt  .005 

Stas,|  working  in  essentially  the  same  manner  as  when 
he  fixed  the  ratio  between  potassium  chloride  and  silver, 
obtained  the  following  results : 


*0.  W.  Huntington,  in  his  paper  upon  the  atomic  weight  of  cadmium,  (Amer. 
Acad.  Proc.,  1 881,)  gives  three  analyses  and  three  syntheses  of  silver  bromide. 
These  give  a  mean  value  of  Ag  :  Br  : :  100  :  74.064.  This  figure  I  record  here 
in  order  that  other  chemists  may  not  overlook  the  work  of  Mr.  Huntington, 
although  it  came  out  too  late  for  use  in  my  own  calculations. 

t  E.  Mulder's  Overzigt,  p.  116.     Berzelius*  Jahresbericht,  24,  72. 

I  Aronstein's  Translation,  pp.  334-347. 
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110.361 
110.360 
110.360 
110.342 
110.346 
110.338 
110.360 
110.336 

110.344 
110.332 

UO.343 

"0-357 
"0.334 
"0.335 


Mean,  110.3463,  dz  .0020 

Ciombining  this  with  Marignac's  mean  result,  110.343,  d= 
.005,  we  get  a  general  mean  of  110.3459,  i  .0019. 

The  ratios  upon  which  we  must  depend  for  the  atomic 
weight  of  iodine  are  exactly  parallel  to  those  used  for  the 
determination  of  bromine.       ^ 

To  begin  with,  the  percentage  of  oxygen  in  potassium 
iodate  has  been  determined  by  Millon.'*'  In  three  experi- 
ments he  found : 

22.46 
*  22.49 

22.47 


Mean,  22.473,  ^  »^^S 

Millon  also  estimated  the  oxygen  in  silver  iodate,  gettixigr 
the  following  percentages : 

17.05 

17.03 
17.06 


Mean,  17.047,  ±.  .005 

The  analysis  of  silver  iodate  has  also  been  performed  with 
extreme  care  by  Stas.f    From  76  to  157  grammes  were  used 

*  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  9,  400.     1843. 
f  Aronsteins*  Translation,  pp.  179-200. 
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in  each  experiment,  the  weights  being  reduced  to  a  vacuum 
standlELrd.  As  the  salt  could  not  be  prepared  in  an  abso- 
lutely anhydrous  condition,  the  water  expelled  in  each 
analysis  was  accurately  estimated  and  the  necessary  correc- 
tions applied.  In  two  of  jthe  experiments  the  iodate  was 
decomposed  by  heat,  and  the  oxygen  given  oflF  was  fixed 
upon  a  weighed  quantity  of  copper  heated  to  redness. 
Thus  the  actual  weights,  both  of  the  oxygen  and  the  resid- 
ual iodide,  were  obtained.  In  a  third  experiment  the  iodate 
was  reduced  to  iodide  by  a  solution  of  sulphurous  acid,  and 
the  oxygen  was  estimated  only  by  difference.  In  the  three 
percentages  of  oxygen  given  below  the  result  of  this  analysis 
comes  last.    The  figures  for  oxygen  are  as  follows : 

16.976 
16.972 
16.9761 


Mean,  16.9747,  ±  .0009  ' 

This,  combined  with  Millon's  series  above  cited,  gives  us 
a  general  mean  of  16.9771,  =fc  .0009. 

The  ratio  between  silver  and  potassium  iodide  seems  to 
have  been  determined  only  by  Marignac,*  and  without  re- 
markable accuracy.  In  five  experiments  100  parts  of  silver 
were  found  equivalent  to  potassium  iodide  as  follows : 


1.616  grm.  Ag  — 

2.483  KI. 

Ratio,  153.651 

2.503 

3.846    " 

"      153.665 

3-427 

5.268    •« 

"      152.720 

2. 141           " 

3.290    " 

"      153.667 

10.821           " 

16.642    " 

"      153.794 

Mean,  153.6994,  db  .0178 

The  synthesis  of  silver  iodide  has  been  effected  by  both 
Marignac  and  Stas.  Marignac,  in  the  paper  above  cited, 
gives  these  weighings.  In  the  last  column  I  add  the  ratio 
between  iodine  and  100  parts  of  silver : 

15.000  grm.  Aggave  32.625  Agl.  117.500 

14.790  "  32.170     «*  1 17.512 

i«.545  "  40.339     "  117.519 

Mean,  corrected  for  weighing  in  air,  117.5335,  dr  .0036 


^  *  Berzeliii^'  Lehrbuch,  5th  Ed.,  3,  1196. 
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Stas*  in  his  experiments  worked  after  two  methods,  which 
gave,  however,  results  concordant  with  each  other  and  with 
those  of  Marignac. 

In  the  first  series  of  experiments  Stas  converted  a  known 
weight  of  silver  into  nitrate,  and  then  precipitated  with 
pure  hydriodic  acid.  The  iodide  thus  thrown  down  was 
washed,  dried,  and  weighed  without  transfer.  By  this 
method  100  parts  of  silver  were  found  to  require  of  iodine : 

117.529 
117-536 


Mean,  117.5325,  db  .0024 

In  the  second  series  a  complete  synthesis  of  silver  iodide 
firom  known  weights  of  iodine  and  metal  was  performed. 
The  iodine  was  dissolved  in  a  solution  of  ammonium  sul- 
phite, and  thus  converted  into  ammonium  iodide.  The 
silver  was  transformed  into  sulphate  and  the  two  solutions 
mixed.  When  the  precipitate  of  silver  iodide  was  com- 
pletely deposited  the  supernatant  liquid  was  titrated  for  the 
trifling  excess  of  iodine  which  it  always  contained.  As  the 
two  elements  were  weighed  out  in  the  ratio  of  127  to  108, 
while  the  atomic  weight  of*  iodine  is  probably  a  little  under 
127,  this  excess  is  easily  explained.  From  these  experi- 
ments two  sets  of  values  were  deduced;  one  from  the 
weights  of  silver  and  iodine  actually  employed,  the  other 
from  the  quantity  of  iodide  of  silver  collected.  From  the 
first  set  we  have  of  iodine  for  100  parts  of  silver : 

117.5390 
117.5380 
117.5318 

"7.5430 
117.5420 
117.5300 


Mean,  ii7.5373f  ±  -OO'S 

From  the  weight  of  silver  iodide  actually  collected  we 


*  Aronstein's  Translation,  pp.  136, 152. 
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get  as  follows.    For  experiment  number  three  in  the  above 
column  there  is  no  equivalent  here : 

117.529 

"7531 
"7539 

117.538 
"7.530 

Mean,  1 17.5334.  :i=  .oo'h 

Now,  combining  these  several  sets  of  results,  we  have  the 
following  general  mean : 

Marignac _.  II7.S335»  ^  .0036 

Stas,  1st  series 117.5325,  dt  .0024 

2d      **    ii7-5373»=l=  •0015 

3d      "     ii7-5334»  i:  0014 


« 
It 


General  mean "7. 5345*  :*:  .0009 

One  other  comparatively  unimportfmt  iodine  ratio  re- 
mains for  us  to  notice.  Silver  iodide,  heated  in  a  stream  of 
chlorine,  becomes  converted  into  chloride;  and  the  ratio 
between  these  two  salts  has  been  thus  determined  by  Ber- 
zelius  and  bv  Dumas. 

From  Berzelius*  we  have  the  following  data:  In  the 
third  column  I  give  the  ratio  between  Agl  and  100  parts  of 
AgCl. 

5.CX)0  grm.  Agl  gave  3.062  AgCi.  163.292 

12.212  "  7»47S5    "  163.360 

Mean,  163.326,  d=  .023 

Dumas't  results  were  as  follows : 

3.520  grm.  Agl  gave  2.149  AgCl.  163.793 

7.011  "  4.281       «*  163.770 

Mean,  163.782,  dc  .008 

General  mean  from    the   combination  of   both    series, 
163.733,  ±  .0076. 
We  now  come  to  the  ratios  connecting  sulphur  with  silver 

♦  Ann.  d.  Chim.  et  d.  Phys.,  (2,)  40,  430.     1829. 
f  Ann.  Chem.  Phann.,  113,  28.     i860. 
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and  chlorine.  Other  ratios  have  been  applied  to  the  deter- 
mination of  the  atomic  weight  of  sulphur,  but  they  are 
hardly  applicable  here.  The  earlier  results  of  Berzelius 
were  wholly  inaccurate,  and  his  later  experiments  upon  the 
synthesis  of  lead  sulphate  will  be  used  in  discussing  the 
atomic  weight  of  lead.  Erdmann  and  Marchand  deter- 
mined the  amount  of  calcium  sulphate  which  could  be 
formed  from  a  known  weight  of  pure  Iceland  spar;  and 
later  they  made  analyses  of  cinnabar,  in  order  to  fix  the 
value  of  sulphur  by  reference  to  calcium  and  to  mercury. 
Their  results  will  be  applied  in  this  discussion  towards  ascer- 
tfidning  the  atomic  weights  of  the  metals  just  named.  For 
our  present  purposes  only  three  ratios  need  be  considered. 

First*  in  order  let  us  take  up  the  composition  of  silver 
sulphide,  as  directly  determined  by  Dumas,  Stas,  and  Cooke. 
Dumas'*  experiments  were  made  with  sulphur  which  had 
been  thrice  distilled  and  twice  crystallized  from  carbon  di- 
sulphide.  A  known  weight  of  silver  was  heated  in  a  tube 
in  the  vapor  of  the  sulphur,  the  excess  of  the  latter  was  dis- 
tilled away  in  a  current  of  carbon  dioxide,  and  the  resulting 
silver  sulphide  was  weighed. 

I  subjoin  Dumas'  weighings,  and  also  the  quantity  of 
Ag^  proportional  to  100  parts  of  Ag,  as  deduced  from 
them : 


9-9393  gnn-  Ag  = 

1.473    s. 

Ratio, 

114.820 

9.962             " 

1-4755  " 

i< 

1 14.81 1 

30.637              " 

4.546    " 

t< 

1 14.838 

30.936 

4.586    " 

tt 

114.824 

30.720             " 

4-554     ** 

it 

1 14.824 

Mean,  114.8234,  db  .0029 

Du.^.,'  u^ed  fcom  t«.  .0  thirty  g^nma,  if  silver  i.  ^ 
experiment.  Stas,t  however,  in  his  work,  employed  from 
sixty  to  two  hundred  and  fifty  grammes  at  a  time.  Three 
of  Stas'  determinations  were  made  by  Dumas'  method,  while 
in  the  other  two  the  sulphur  was  replaced  by  pure  sulphu- 


*  Ann.  Chem.  Pharm.,  113,  24.     i860 
t  Aronstein's  Translation,  p.  179. 


SILVBR,  POTASSIUM,  ETC.  29 

retted  hydrogen.  In  all  cases  the  excess  of  sulphur  was  ex- 
pelled by  carbon  dioxide,  purified  with  scrupulous  care. 
Impurities  in  the  dioxide  may  cause  serious  error.  The 
five  results  come  out  as  follows  for  100  parts  of  silver : 

114.854 

1 14.853 
114.854 

1 14.851 
114.849 


Mean,  114.8522,  d=  .0007 

The  experiments  made  by  Professor  Cooke*  with  reference 
to  this  ratio  were  only  incidental  to  his  elaborate  researches 
upon  the  atomic  weight  of  antimony.  They  are  interesting^ 
however,  for  two  reasons :  they  serve  to  illustrate  the  vola- 
tility of  silver,  and  they  represent,  not  syntheses,  but  reduc- 
tions of  the  sulphide  by  hydrogen.  Cooke  gives  three  series 
of  results.  In  the  first  the  silver  sulphide  was  long  heated 
to  full  redness  in  a  current  of  hydrogen.  Highly  concord- 
ant and  at  the  same  time  plainly  erroneous  figures  were  ob- 
tained ;  the  error  being  eventually  traced  to  the  fact  that 
some  of  the  reduced  silver,  although  not  heated  to  its  melt- 
ing point,  was  actually  volatilized  and  lost.  The  second 
series,  from  reductions  at  low  redness,  are  decidedly  better. 
In  the  third  series  the  sulphide  was  fully  reduced  below  a 
visible  red  heat.  Rejecting  the  first  series  we  have  from 
Cooke's  figures  in  the  other  two  the  subjoined  quantities  of 
sulphide  corresponding  to  100  parts  of  silver  : 

7.541 1  gnn.  Ag,S  lost  .9773  gnn.  S.  Ratio,  1 14.889 

5.0364              "             .6524      "  "       114.882 

2.5815               "             .3345       "  "       114.886 

2.6130              "             .3387      "  "       114.892 

2.5724              "             .3334      "  "       1 14.891 

Mean,  114.888,  rb  .0012 

1. 1357  gnn.  Ag^Slost  .1465  S.  Ratio,  1 14.810 

1.2936  "  .1670  "  "       114.823 


Mean,  1 14.8165,  dz  .0044 


*  Proc.  American  Acad,  of  Aits  and  Sciences,  v.  12.     1877. 
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Now,  combining  all  four  series,  we  get  the  following  re- 
sults: 

Dumas 114.8234,  dr  .0029 

Stas 114.8522,  rb  .0007 

Cooke's  2d 114.888,    db  .0012 

"       3d 114.8165,  zfc  .0044 


General  mean 1 14.8581,  d=  .0006 

Here  again  we  encounter  a  curious  and  instructive  com* 
pensation  of  errors,  and  another  evidence  of  the  accuracy  of 
Stas. 

The  percentage  of  silver  in  silver  sulphate  has  been  de- 
termined by  Struve  and  by  Stas.  Struve*  reduced  the  sul- 
phate by  heating  in  a  current  of  hydrogen,  and  obtained 
these  results : 


6.0543 
8.6465 

11.6460 

9.1090 

9.0669 


Mean,  69.230,  db  .004 

Stas,t  working  by  essentially  the  same  method,  with  fix)m 
56  to  83  grammes  of  sulphate  at  a  time,  found  these  per- 
centages: , 

69.200 
69.197 
69.204 
69.209 
69.207 
69.202 


3.5910  gnn.  Ag. 

69.244  per  cent. 

4.1922    " 

69.243 

5.9858    " 

69.228    ** 

8.0608 

69.215    ♦* 

6.3045 

69.212    " 

6.2778    " 

69.239 

Mean,  69.203,  rb  .0012 

Combining  this  mean  with  that  from  Struve's  series  we 
get  a  general  mean  of  69.205,  dr  .0011. 


*  Ann.  Chem.  Pharm.,  80,  203.     185 1. 
t  Aronstein's  Translation,  pp.  214-218. 
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The  third  and  last  sulphur  ratio  with  which  we  have  now 
to  deal  is  one  of  minor  importance.  When  silver  chloride 
is  heated  in  a  current  of  sulphuretted  hydrogen  the  sul- 
phide is  formed.  This  reaction  was  applied  by  Berzelius* 
to  determining  the  atomic  weight  of  sulphur.  He  gives  the 
results  of  four  experiments ;  but  the  fourth  varies  so  widely 
from  the  others  that  I  have  rejected  it.  I  have  reason  to 
believe  that  the  variation  is  due,  not  to  error  in  experiment, 
but  to  error  in  printing ;  nevertheless,  as  I  am  unable  to 
track  out  the  cause  of  the  mistake,  I  must  exclude  the  fig- 
ures involving  it  entirely  from  our  discussion. 

The  three  available  experiments,  however,  give  the  fol- 
lowing results :  The  last  column  contains  the  ratio  of  silver 
sulphide  to  100  parts  of  chloride. 

6.6075  gnn-  AgO  gave  5.715  gnn.  Ag,S.        86.478 

9.2323  "  7-9SJ25       "  86.471 

10.1775  "  8.80075       "  86.472 


Mean,  86.4737,  db  .0015 

We  have  also  a  single  determination  of  this  value  by 
Svanberg  and  Struve-f  After  converting  the  chloride  into 
sulphide  they  dissolved  the  latter  in  nitric  acid.  A  trifling 
residue  of  chloride,  which  had  been  enclosed  in  sulphide, 
and  so  protected  against  change,  was  left  undissolved. 
Hence  a  slight  constant  error  probably  affects  this  whole 
ratio.  The  experiment  of  Svanberg  and  Struve  gave  86.472 
per  cent,  of  silver  sulphide  derived  from  100  of  chloride. 
If  we  assign  this  figure  equal  weight  with  the  results  of 
Berzelius,  and  combine,  we  get  a  general  mean  of  86.4733, 
=b  .0011. 

For  sodium  there  are  but  two  ratios  of  any  definite  value 
for  present  purposes.  The  early  work  of  Berzelius  we  may 
disregard  entirely,  and  confine  ourselves  to  the  considera- 
tion of  the  results  obtained  by  Penny,  Pelouze,  Dumas,  and 

8ta& 


*  Berzelius'  Lehrbuch,  5th  Ed.,  Vol.  3,  p.  1187. 
-f  Journ.  fiir  Prakt.  Chem.,  44,  320.     1848. 
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The  percentage  of  oxygen  in  sodium  chlorate  has  been 
determined  only  by  Penny,*  who  used  the  same  method 
which  he  applied  to  the  potassium  salt.  Four  experiments 
gave  the  following  results : 

45.060 

45.075 
45.080 

45.067 


Mean,  45*0705,  db  .0029 

The  ratio  between  silver  and  sodium  chloride  has  been 
fixed  by  Pelouze,  Dumas,  and  Stas.  Pelouzef  dissolved  a 
weighed  quantity  of  silver  in  nitric  acid,  and  then  titrated 
with  sodium  chloride.  Equivalent  to  100  parts  of  silver  he 
found  of  chloride : 

54.153 
54.125 
54.139 


Mean,  54.141,  db  .0063 

By  Dumast  we  have  seven  experiments,  with  results  as 
follows :  The  third  column  gives  the  ratio  between  100  of 
silver  and  NaCl. 


2.0535  grm. 

NaCl  = 

3.788  grm.  Ag. 

54.211 

2.169 

4.0095   " 

54.097 

4.3554 

8.0425   « 

54.155 

6.509 

12.0140   " 

54.178 

6.413 

11.8375   " 

54.»75 

2.1746 

MM                        m 

4.012    " 

54.202 

5."3 

9.434 

54.187 

Mean,  54. 172,  ±l  .0096 

Stas,||  applying  the  method  used  in  establishing  the  sim- 
ilar ratio  for  potassium  chloride,  and  working  with  salt  from 


♦  Phil.  Transactions,  1839,  p.  25. 
f  Compt.  Rend.,  20,  1047.     1845. 
]:  Ann.  Chem.  Phann.,  113,  31.     i860. 
II  Aronstein's  Translation,  p.  274. 


SILVBR,  POTASSIUM,  BTC.  33 

six  difierent  sources,  found  of  sodium  chloride  equivalent 

to  100  parts  of  silver  : 

54.2093 
54.2088 
54.2070 
54.2070 
54.2070 
54.2060 
54.2076 
54.2081 
54.2083 
54.2089 

Mean,  54.2078,  :h  .0002 

JSovTy  combining  these  three  series,  we  get  the  following 
result: 

Pelouze . 54*  141*    d=  .0063 

Dumas ^ 54.>72,    :h  .0096 

Stas 54.2078,  rb  .0002 

General  mean.... ..  54.2076,  ±  .0002 

Here  the  work  of  Stas  is  of  such  superior  excellence  that 
the  other  series  might  be  completely  rejected  without  ap- 
preciably affecting  our  calculations. 

We  have  now  before  us  the  data  establishing,  with  greater 
or  less  accuracy,  twenty  different  ratios  relating  to  the 
atomic  weights  of  the  seven  elements  under  discussion.  In 
these  we  are  to  discuss  the  results  of  about  two  hundred  and 
fifty  separate  experiments.  Before  beginning  upon  our  cal- 
culations we  will  tabulate  our  ratios,  and  number  them  for 
convenient  future  reference.  Of  course  it  will  be  under- 
stood that  the  probable  errors  given  below  relate  to  the. last 
term  of  each  proportion : 

(I.)  Percentage  of  O  in  KCIO, 39*i54*    ±  .00038 

(2.)  "  "        KBrO,   28.6755,  dz  .0207 

(3.)  "       '      "        KIO,     22.473.    ±  .0050 

(4.)  "  "         NaClO, 4S070S»  ±:   0029 

(5.)  "  "        AgClO, 25.0795,  ±  .0010 

(6.)  "  "        AgBrO, 20.349,    d=  .0014 

(7.)  "  "        Agio,    -.  16.9771,  zh  .0009 

(8,)  "  AginAgjSO^   69.205,    ±.0011 

3 
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(9. 

10. 

II. 

12. 

13- 

IS. 
i6. 

17. 
18. 

19. 
20. 


Ag  :  NaCl : :  lOO  :  54.2076,  rb  .0002 
Ag  :  KCl : :  loo  :  69.1032,  ih  .0002 
Ag  :  KBr  : :  lOO  :  110.3459,  zt  .0019 
Ag  :  KI : :  100  :  153.6994,  d=  .0178 
Ag  :  CI : ;  lOO  :  32.8418,  d=  .0006 
Ag  :  Br  : :  lOO  :  74.0809,  db  .0006 

Ag  :  I  :  :  100 :  ii7.534S»  ±  .«»9 
Ag  :  Ag,S  : :  100  :  1 14.8581,  dz  .0006 
KCl :  AgCl : :  100  :  192.294,  d=  .0029 
AgCl  :  AgBr  : :  100  :  131.030,  d:  .023 
AgCl  :  Agl  : :  100  :  163.733,  db  .0076 
AgCl  :  AgjS  :  :  100  :  86.4733,  ±:  .001 1 


Now,  from  ratios  1  to  7  inclusive,  we  can  at  once,  by 
applying  the  known  atomic  weight  of  oxygen,  deduce  the 
molecular  weights  of  seven  haloid  salts.  Let  us  consider 
the  first  calculation  somewhat  in  detail. 

Potassium  chlorate  yields  39.154  per  cent,  of  oxygen  and 
60.846  per  cent,  of  residual  chloride.  For  each  of  these 
quantities  the  probable  error  is  zfc  .00038.  The  atomic 
weight  of  oxygen  is  15.9633,  ±  .0035,  so  that  the  value  for 
three  atoms  becomes  47.8899,  ±  .0105.  We  have  now  the 
following  simple  proportion :  39.154 :  60.846  : :  47.8899  :  x,  = 
the  molecular  weight  of  potassium  chloride,  =  74.4217. 
The  probable  error  being  known  for  the  first,  second,  and 
third  term  of  this  proportion,  we  can  easily  find  that  of  the 
fourth  term  by  the  formula  given  in  our  introduction.  It 
comes  out  db  .0164.  By  this  method  we  obtain  the  follow- 
ing series  of  values,  which  may  conveniently  be  numbered 
consecutively  with  the  foregoing  ratios : 


(21.)  KCl, 

from  (i,)  — 

74.4217 

,  ±  .0164 

(22.)  KBr, 

"     (2,)  = 

119.117, 

ih  .0962 

(23.)  KI. 

"    (3.)~ 

165.210, 

zt  .0529 

(24.)  NaCl, 

"     (4.)- 

58366, 

=fc  .0137 

(25.)  AgCl, 

"     (5.)  = 

143.062, 

±  .0320 

(26.)  AgBr, 

"     (60- 

i«7.453. 

±.0432 

(27.)  Agl, 

"    (70 

234.195. 

zh  .0530 

With  the  help  of  these  molecular  weights  we  are  now 
able  to  calculate  eight  independent  values  for  the  atomic 
weight  of  silver : 
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Fixst,  from  (lo)  and  (21,)  Ag  =  107.696,  d=  .024 

Second,  "  (11)  "  (22.)  "  =107.948,^.087 

Third,  "  (12)  «  (23,)  "  =  107.488,  dc  .037 

Fonrth,  "  (9)  «  (24,)  "  =  107.671,  ±  .025 

Fifth,  «  (13)  "  (25,)  "  =  107.694,  =b  .024 

Sixth,  "  (14)  "  (26,)  "  =  107.681,  ±  .025 

Seventh,  "  (15)  "  (27,)  "  =  107.659,  d=  .024 

Eighth,  "  (8)  "  (16,)  "  =  107.712,  zfc  .025 

General  mean,  "  =  107.675,  ±  .0096 

It  is  noticeable  that  six  of  these  values  agree  very  well. 
The  second  and  third,  however,  diverge  widely  from  the 
average,  but  in  opposite  directions ;  they  have,  moreover, 
high  probable  errors,  and  consequently  little  weight.  Of 
these  two,  one  represents  little  and  the  other  none  of  Stas* 
work.  Their  trifling  influence  upon  our  final  results  be- 
comes curiously  apparent  in  the  series  of  silver  values  given 
a  little  further  along. 

When  we  consider  closely,  in  all  of  its  bearings,  any  one 
of  the  values  just  given,  we  shall  see  that  for  certain  pur- 
poses it  must  be  excluded  from  our  general  mean.  For 
example,  the  first  is  derived  partly  from  the  ratio  between 
silver  and  potassium  chloride.  From  this  ratio,  the  atomic 
weight  of  one  substance  being  known,  we  can  deduce  that 
of  the  other.  We  have  already  used  it  in  ascertaining  the 
atomic  weight  of  silver,  and  the  value  thus  obtained  is  in- 
cluded in  our  general  mean.  But  if  from  it  we  are  to  deter- 
mine the  molecular  weight  of  potassium  chloride,  we  must 
use  a  silver  value  derived  from  other  sources  only,  or  we 
should  be  assuming  a  part  of  our  result  in  advance.  In 
other  words,  we  must  now  use  a  general  mean  fvir  silver 
from  which  this  ratio  with  reference  to  silver  has  been  re- 
jected. Hence  the  following  series  of  silver  val  ues,  which 
are  lettered  for  reference : 

A.  General  mean  from  all  eight 107.675,  ±.  .0096 

B.  •*  rejecting  the  first 107.671,^.0105 

C  "  "  second 107.671,  d=  .0097 

D.  "  "  third.- 107.679,^.0100 

E.  "  "  fourth 107.675,  zb  .0104 

F.  "  "  fifth 107.671,  lb  .0105 

G.  "  "  sixth 107.674,  ±  .0104 

H.  *'  "  seventh 107.678,  zfc  .0105 

I.  "  "  eighth 107.679,  ±  .0104 
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These  values  are  essentially  the  same,  both  in  magnitade 
and  in  weight.  For  all  practical  purposes  any  one  of  them 
is  as  good  as  any  other.  Still,  on  theoretical  grounds,  it 
may  be  well  to  keep  them  distinct  and  separate  in  the  re- 
mainder of  this  discussion. 

We  are  now  in  a  position  to  determine  more  closely  the 
molecular  weights  of  the  haloid  salts  which  we  have  already 
been  considering. 

For  silver  chloride,  still  employing  the  formula  for  the 
probable  error  of  the  last  term  of  a  proportion,  we  get  the 
following  values  : 

From  (5) AgCl  =  143*062,  zfc  .032 

From  (13)  and  (F) "     =  i43-032»  zt  .014 

From  (17)  and  (21) "     =  143.108,  ±  .034 

From  (18)  and  (26) "    =  143.061,  ±  .041 

From  (19)  and  (27) "     =  i43-03S/=t  033 

General  mean "    ^  I43*045f  dr  .0108 

Subtracting  from  this  the  atomic  weight  of  silver,  107.675, 
d:  .0096,  we  get  for  the  atomic  weight  of  chlorine,  CI  = 
35.370,  =h  .014. 

For  silver  bromide  we  have  these  results : 

From  (6) AgBr  =  187.453,  d=  .043 

From  (14)  and  (G) "    =  187.440,  ±  .018 

From  (18)  and  (25) "     =  187.454,  d=  .053 

General  mean "     =  187.443,  =fc  .0^,6 

Hence,  using  the  general  mean  for  silver  as  above,  Br  = 
79.768,  d:  .019. 
Silver  iodide  comes  out  as  follows : 

From  (7) Agl  =  234.195,  db  .053 

From  (15)  and  (H) "    =  234,237,  ±  .023 

From  (19)  and  (25) "    =  234.240,  ±  .054 

General  mean "    =  234.232,  d:  .019 

Hence  I  =  126.557,  d=  .022. 

For  the  molecular  weight  of  sodium  chloride  we  have  : 

From  (4) NaCl  =  58.366,    ±  .0137 

From  (9)  and  (E) «•    =58.368,    db  .0056 

General  mean "     =  58.3676,  zt  .0052 
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Hence,  if  chlorine  =  35.370,  ±z  .014,  then  Na  =  22.998, 
.011. 
For  potassium  chloride : 

From  (i) KCl  =  74.4217,  ±.  .016 

From  (10)  and  (B) "    =74.4041,^.007 

From  (17)  and  (2$). "    =  74-3975.  db  .017 

General  mean "    =  74.4057,  d=  .0062 

For  potassium  bromide  we  get : 

From  (2) KBr  =  119. 117,  ±  .096 

From  (II)  and  (C) "    =  1 18.810,  d=  .0118 

General  mean "    =  118.815,  ±  .0117 

And  for  potassium  iodide : 

From  (3) KI  =  165.210,  ±  .053 

From  (12)  and  (D) "    =  165.502,  i  .029 

Genera]  mean "    =  165.432,  zh  .026 

Now,  taking  the  molecular  weights  of  these  three  potas- 
siam  salts  in  connection  with  the  atomic  weights  just  found 
for  chlorine,  bromine,  and  iodine,  we  get  these  values  for 
potassium : 

From  the  chloride K  =  39.036,  rb  .016 

From  the  bromide **  =  39.047,  zt  .022 

From  the  iodide "  =-=  38.875,  ±:  .034 

General  mean "  =  39.019,  d=  .012 

Finally,  the  three  sulphur  ratios  give  us  three  estimates 
for  the  atomic  weight  of  sulphur.  In  the  third  of  these  I 
have  applied  the  "A"  value  for  silver  and  the  general  mean 
for  silver  chloride : 

From  (8)  and  (I) S  =  31.968,  d=  .014 

From  (16)  and  (I) "  =  31.995,  d:  .032 

From  (20) "  =  32.041,  zt  .028 

General  mean "  =  31.984,  dt  .012 

We  may  now  appropriately  compare  the  results  of  this 
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discussion  with  the  atomic  weights  deduced  by  Stas  from 

his  own  experiments  only.    His  values  are  given  under  two 

headings :  one  for  oxygen  =  16,  the  other  for  O  =  15.96. 

As  we  have  been  using  the  figure  15.9633  for  oxygen,  here 

is  at  the  outset  a  discrepancy.    Starting  from  this  value  we 

found: 

Ag  =  107.675,  ±z  .0096 
a  =  35370, dt  .014 

Br  =  79.768,  =fc  .019 
I  =  126.557,  ±  .022 
Na  =  22.998,  d:  .01 1 
K  =  390X9»±  -012 
S    =    31.984,  d=  .012 

If  we  assume  16  to  be  the  true  figure  for  oxygen,  we  get 
the  following  results,  which  I  have  placed  in  a  column  par- 
allel with  the  values  found  by  Stas : 

The  New  Values,        Stas,         Differences, 

Silver 107.923  107.930  .007 

Chlorine-^, 35-451  35-457  -oo6 

Bromine 79-951              79-952  -ooi 

Iodine 126.848  126.850  .002 

Sodium 23.051              23.043  .009 

Potassium 39-I09              39-'37  -o^S 

Sulphur 32.058  32.074  .016 

These  differences  are  insignificant.  No  other  criticism 
could  more  severely  test  the  character  of  Stas'  work,  or  more 
definitely  illustrate  his  magnificent  accuracy  of  manipula- 
tion. 
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NITROGEN. 

The  atomic  weight  of  nitrogen  has  been  determined  from 
the  density  of  the  gas,  from  the  ratio  between  ammonium 
chloride  and  silver,  and  from  the  composition  of  certain 
nitrates.  « 

Upon  the  density  of  nitrogen  a  great  many  experiments 
have  been  made.  In  early  times  this  constant  was  deter- 
mined by  Biot  and  Arago,  Thomson,  Dulong  and  Berzelius, 
Lavoisiery  and  others.  But  all  of  these  investigations  may 
be  disregarded  as  of  insufficient  accuracy ;  and,  as  in  the  case 
of  oxygen^  we  need  consider  only  the  results  obtained  by 
Dumas  and  Boussingault,  and  by  Begnault. 

Taking  air  as  unity,  Dumas  and  Boussingault*  found  the 
density  of  nitrogen  to  be — 

.970 
.972 

.974 


Mean,  .972,  d=  .00078 

For  hydrogen,  as  was  seen  in  our  discussion  of  the  atomic 
weight  of  oxygen,  the  same  investigators  found  a  mean  of 
.0693,  rfc  .00013.  Upon  combining  this  with  the  above 
nitrogen  mean,  we  find  for  the  atomic  weight  of  the  latter 
element,  N  =  14.026,  =fc  .0295. 

By  R^naultf  much  closer  work  was  done.  He  found  the 
density  of  nitrogen  to  be  as  follows : 

.97148 
.97148 

.97154 

•97 I 55 

.97108 
.97108 


Mean,  .97137,  dz  .000062 


*Compt.  Rend.,  12,  1005.     1841. 
f  G)mpt.  Rend.,  20,  975.     1845. 
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For  hydrogen,  Regnault's  mean  value  is  .069263, 
.000019.  Hence,  combining  as  before,  N  =  14.0244, 
.0039.* 

The  value  found  by  combining  both  series  of  experiments 
is  N  =  14.0244,  ±  .0039. 

In  discussing  the  more  purely  chemical  ratios  for  estab* 
lishing  the*atomic  weight  of  nitrogen,  we  may  ignore,  for 
the  present,  the  researches  of  Berzelius,  of  Anderson,  and  of 
Svanberg.  These  chemists  experimented  chiefly  upon  lead 
nitrate,  and  their  work  is  consequently  now  of  greater  value 
for  fixing  the  atomic  weight  of  lead.  Their  results  will  be 
duly  considered  in  the  proper  connection  further  on. 

The  ratio  between  ammonium  chloride  and  silver  has 
been  determined  by  Pelouze,  by  Marignac,  and  by  Stas. 
The  method  of  working  is  essentially  that  adopted  in  the 
similar  experiments  with  the  chlorides  of  sodium  and  potas* 
sium. 

For  the  ammonium  chloride  equivalent  to  100  parts  of 

silver,  Pelouzef  found : 

49.556 

49.517 


Mean,  49.5365*  =i=  .o«3 

Marignact  obtained  the  following  results.     The   usual 
ratio  for  100  parts  of  silver  is  given  also : 

8.063  grm.  Ag  ==  3.992  grm.  NH^O.  49*510 

9.402  "  4-656  "  49-521 

'0.339  "  5.'20  »•  49.521 

12.497  ^  6. 191  "  49-540 

"337  "  5.617  "  49546 

11.307  "  5.595  «  49.483 

4.326  "  2.143  "  49.538 


Mean,  49S^3*  :*=  .0055 


*  Professor  Le  C^nte,  in  his  corrections  of  Regnault's  calculations,  already 
cited  in  a  foot  note  to  the  chapter  on  oxygen,  finds  for  the  density  of  nitrogen  the 
value  0.971346.  Hence  N  =  14.0225.  This  correction  b  very  slight,  but  it 
should  be  considered  in  any  future  revision  of  the  atomic  weights. 

t  Compt.  Rend.,  20,  1047.     1845. 

t  Berzelius'  Lehrbnch,  5th  Ed.,  3d  v.,  1184,  1185. 
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But  neither  of  these  series  can  for  a  moment  compare 
with  that  of  Stas."*"  He  used  from  12.5  to  80  grammes  of 
silver  in  each  experiment,  reduced  his  weighings  to  a  vac- 
uiun  standard,  and  adopted  a  great  variety  of  precautions 
to  ensure  accuracy.  He  found  for  every  100  parts  of  silver 
the  following  quantities  of  NH^Cl : 

49.600 

49599 
49-597 
49.598 
49.597 
49.593 
49.597 

49-5974 
49.602 

49.597 
49.598 
49.592 

Mean,  49-5973.  ±  .a»5 

Now,  combining  these  three  series,  we  get : 

Pelonze 49- 53^5 »  ±  .013 

Marignac 49'S^3f    ±-  -0055 

Stas — 49.5973*  ±  -a»5 

General  mean . 49*597*    d:  .0005 

The  quantity  of  silver  nitrate  which  can  be  formed  from 
a  known  w^eight  of  metallic  silver  has  been  determined  by 
Penny,  by  Marignac,  and  by  Stas.  Pennyf  dissolved  silver 
in  nitric  acid  in  a  flask,  evaporated  to  dryness  without 
transfer,  and  weighed.    One  hundred  parts  of  silver  thus 

gave  of  nitrate : 

157.430 

157437 

157-458 
157440 

157.430 

157.455 

Mean,  I57.44i7>  ±  .0033 

*  Aronstein's  Translation,  pp.  56-58. 
t  Phil.  Trans.,  1839. 
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Marignac's'*'  results  were  as  follows.  In  the  third  column 
they  are  reduced  to  the  common  standard  of  100  parts  of 
silver : 


68.987 

gnn. 

Ag 

gave 

108.608  grm. 

AgNO,. 

157.433 

57.844 

(( 

91.047 

<( 

157.401 

66.436 

« 

104.592 

« 

'57.433 

70.340 

<( 

110.718 

it 

157.404 

200.000 

fi 

314.894 

(( 

157.447 

Mean,  157.4236,  d:  .0061 

Stas,t  employing  from  77  to  405  grammes  of  silver  in 
each  experiment,  made  two  different  series  of  determina- 
tions at  two  different  times.  The  silver  was  dissolved  with 
all  the  usual  precautions  against  loss  and  against  impurity, 
and  the  resulting  nitrate  was  weighed,  first  after  long  drying 
without  fusion  just  below  its  melting  point;  and  again, 
fused.  Between  the  fused  and  the  unfused  salt  there  was  in 
every  case  a  slight  difference  in  weight,  the  latter  giving  a 
maximum  and  the  former  a  minimum  value. 

In  Stas'  first  series  there  are  eight  experiments ;  but  the 
seventh  he  himself  rejects  as  inexact.  The  values  obtained 
for  the  nitrate  from  100  parts  of  silver  are  given  below  in  two 
columns,  representing  the  two  conditions  in  which  the  salt 
was  weighed.  The  general  mean  given  at  the  end  I  have 
deduced  from  the  means  of  the  two  columns  considered  sep- 
arately : 

Unfused,  Fused, 

157.492  157.474 

157.510  157.481 

157.485  157.477 

157.476  157.471 

157.478  157470 

157.471  157-463 

157.488  157.469 


Mean,  157.4857  Mean,  157.472 

General  mean,  157.474,  di  .0014 


*Berzelius'  Lehrbuch,  5th  Ed.,  3,  pp.  11 84,  1185. 
f  Aronstein's  Translation,  pp.  305  and  315. 
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In  the  later  series  there  are  but  two  experiments,  as  fol- 
lows: 

Unfused.  Fused,  ' 

157.4964  157.488 

157.4940  157480 

Mean,  157.4952  Mean,  157.484 

General  mean,  157.486,  4=  .0003 

Now,  to  combine  all  four  sets  of  results : 

Penny 1 57.441 7»  ±  .0033 

Marignac 157.4236,  ±  .0061 

Stas,  1st  series 157.4740,  d:  .0014 

Stas,  2d  series 157.4860,  di  .0003 

General  mean I57.479»    =b  .0003 

For  the  direct  ratio  between  silver  nitrate  and  silver  chlo- 
ride there  are  two  series  of  estimations.  A  weighed  quan- 
tity of  nitrate  is  easily  converted  into  chloride,  and  the 
weight  of  the  latter  ascertained.  In  two  experiments  Tur- 
ner* found  of  chloride  from  100  parts  of  nitrate : 

84.357 
84.389 

Mean,  84.373,  ±  .011 

Penny,t  in  five  determinations,  found  the  following  per- 
centages : 

84.370 
84.388 

84.377 
84.367 
84.370 

Mean,  84.3744,  d=  .0025 

The  general  mean  from  both  series  is  84.8743,  it  .0025. 

The  ratio  directly  connecting  silver  nitrate  with  ammo- 
nium  chloride  has  been  determined  only  by  Stas.J    The 

*PhU.  Trans.,  1833,537. 

t  Phil.  Trans.,  1839. 

X  Aronstein's  Translation,  p.  309. 
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usual  method  of  working  was  followed;  namely,  nearly 
equivalent  quantities  of  the  two  salts  were  weighed  out,  the 
solutions  mixed,  and  the  slight  excess  of  one  estimated  by 
titration.  In  four  experiments  100  parts  of  silver  nitrate 
were  found  equivalent  to  chloride  of  ammonium  as  follows : 

31.489 
31-490 
31.487 
31.486 


Mean,  31.488,  +  .0006 

The  similar  ratio  between  potassium  chloride  and  silver 
nitrate  has  been  determined  by  both  Marignac  and  Stas. 

Marignac^  gives  the  following  weights.  I  add  the  quan- 
tity of  KCl  proportional  to  100  parts  of  AgNOg : 


1.849  g"n.  KCl  = 

=    4.218 

grm.  AgNOj. 

43.836 

2.473 

5.640 

43.848 

3.317 

7.565 

• 

43.847 

2.926           " 

6.670 

43.868 

6. 191           " 

14. 1 10 

43.877 

4.351 

9.918 

43.870 

Mean,  43.858,  zh  •O044 

Stas't  results  are  given  in  three  series,  representing  silver 
nitrate  from  three  different  sources.  In  the  third  series  the 
nitrate  was  weighed  in  vacuo,  while  for  the  other  series  this 
correction  was  applied  in  the  usual  way.  For  the  KCl 
equivalent  to  100  parts  of  AgNO,  Stas  found : 

Firsf  Serif s, 
43.878 
43.875 
43.875 
43-874 


Mean,  43.8755.  dt  .0005 


*  Berzelius'  Lehrbuch,  5th  Ed.,  3d  vol.,  1184,  1185. 
t  Aronstein's  Translation,  p.  308. 
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Second  Series, 

43864 
43869 
43876 

Mean,  43.8697,  =b  .0023 

7%irti  Series, 

43-894 
43.878 
43.885 

Mean,  43.8857,  d=  .0031 

Conibining  all  four  series  we  have : 

IwIaLrignac 43*858,    =fc  .0044 

Stas,  1st  series 43-8755f  :fc  .a»5 

ad     " .__  43-8697,  d:  .0023 

3d     "     - 43.8857.  d=  .0031      , 


General  mean 43.8715,  dtz  .0004 

There  liave  also  been  determined  by  Penny  and  by  Stas 
a.  series  of  ratios  connecting  the  alkaline  chlorides  and  chlo- 
rates iwitli  the  corresponding  nitrates.  One  of  these,  relat- 
ing to  the  lithium  salts,  will  be  studied  further  on  with  ref- 
erence to  that  metal. 

The  general  method  of  working  upon  these  ratios  is  due 
to  Penny.*     Applied  to  the  ratio  between  the  chloride  and 
nitrate  of  potassium  it  is  as  follows :  A  weighed  quantity  of 
the  chloride  is  introduced  into  a  flask  which  is  placed  upon 
its  side  and  connected  with  a  receiver.    An  excess  of  pure 
nitric  acid  is  added,  and  the  transformation  is  gradually 
brought  about  by  the  aid  of  heat.    Then,  upon  evaporating 
to    dryness  over  a  sand  bath,  the  nitrate  is  brought  into 
^weighable  form.    The  liquid  in  the  receiver  is  also  evapo- 
rated, and  the  trace  of  solid  matter  which  had  been  mechan-. 
ically  carried  over  is  recovered  and  also  taken  into  account. 
In  another  series  of  experiments  the  nitrate  was  taken,  and 
by  pure  hydrochloric  acid  converted  into  chloride ;  the  pro- 
<>ess  being  the  same.    In  the  following  columns  of  figures  I 

♦Phil.  Trans.,  1839. 
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have  reduced  both  series  to  one  standard ;  namely,  so  as  to 
express  the  number  of  parts  of  nitrate  corresponding  to  100 
of  chloride : 

First  Series,— KO treated 7v'Uh  HNO^. 

«35-639 
I35-637 
135-640 

135-635 
135-630 
135-640 
"35-630 

Mean,  135.636,  db  .0011 

Second  Series,—KNO^  treated  with  HCL 

135-628 

135-635 
I35-630 

«35-64i 
135.630 

135-635 
135-630 

%         Mean,  153.633,  ±  .cx)ii 

Stas*^  results  are  as  follows : 

'35-643 

135-638 

135-647 

135-649 
135.640 

«35-645 
135-655 

Mean,  135.6453,  =fc  .0014 

These  figures  by  Stas  represent  weighings  in  the  air.  Re- 
duced to  a  vacuum  standard  this  mean  really  becomes 
135.6423. 

Now,  combining,  we  have : 

Penny,  ist  series . 135.636,    db  .OOli 

"      2d     "      i35-633»    ±  .oon 

Stas 135-6423.  ±:  -0014 

General  mean 135.6363,1^.0007 

*  Aronstein*s  Translation,  p.  270. 
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By  tlie  same  general  process  Penny*  determined  how 
mucli  potassium  nitrate  could  be  formed  from  100  parts  of 
chlorate.       He  found  as  follows : 

82.505 
82.497 
82.498 
82.500 


Mean,  82.500,  ±  .0012 

For  100  pajrts  of  sodium  chlorate  he  found  of  nitrate : 

79.875 
79.882 

79.890 


Mean,  79.8823,  db  .0029 

For  the  ratio  between  the  chloride  and  nitrate  of  sodium 
Penny  made  two  sets  of  estimations  as  in  the  case  of  potas- 
sium salts.  The  subjoined  figures  give  the  amount  of 
nitrate  equivalent  to  100  parts  of  chloride: 

Irtrst  Series.—NaCl  treated  with  HNOy 

"45-415 
145408 

145.420 

145.424 

145-410 
^  145.418 

145.420 


Meto,  145.4164,  ±  .0015 

Second  Series.-^NaNO^  treated  with  HCl, 

145.419 

145.391 
145.412 

145.415 
145-412 
145-412 


Mean,  145.410,  ±  .0026 


♦Phil.  Trans.,  1839. 
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Stas*  gives  the  following  series : 

145-453 
145.468 

145.465 
145.469 

I45»443 

Mean,  after  reducing 
to  vacuum  standard,  145. 4526,  dr  .0030 

Combining,  we  have  as  follows : 

Penny,  ist  series ^......^  145.4164,  d=  .001  f 

"      2d     "      145.410,    i  .0026 

Stas 145-4526,  d=  .0030 

General  mean .....  145.4185,  d:  .0012 

We  have  now,  apart  from  the  determinations  of  gaseous 
density,  nine  ratios,  representing  one  hundred  and  fourteen 
experiments  from  which  to  calculate  the  atomic  weight  of 
nitrogen.    Let  us  first  collect  and  number  these  ratios  : 

(I.)  Ag  :  AgNOj  : :  100  :  157.479.  ±  -0)03 
(2.)  AgN6,  :  AgCl  : :  100  :  84.3743.  :t  .OO25 
(3.)  AgNO,  I  KCl  : :  100  :  43.8715,  d:  .0004 
(4.)  AgNOj  :  NH^Cl  : :  lOO  :  31.488,  rfc  .0006 
(5.)  Ag  :  NH^Cl  : :  100  :  49-597.  ±   0005 
(6.)  KCl  :  KNO3  : :  100  :  135.6363,  do  .OO07 
(7.)  KCIO,  ;  KNO,  : :  100  :  82.500,  db  .0012 
(8.)  NaCl  :  NaNO,  : :  100  :  145.4185,  dr  .0012 
(9.)  NaClO,  :  NaNO,  : :  lOO  :  79.8823,  d:  .0029 

From  these  ratios  we  are  now  able  to  deduce  the  molec- 
ular weight  of  ammonium  chloride  and  of  the  three  nitrates 
named  in  them.  For  these  calculations  we  may  use  the 
already  determined  atomic  weights  of  silver,  oxygen,  potas- 
sium, sodium,  and  chlorine,  and  the  molecular  weights  of 
silver  chloride  and  sodium  chloride.  These  two  molecular 
weights  involve,  respectively,  the  most  probable  values  for 
silver,  sodium,  and  chlorine.  We  cannot,  however,  appro- 
priately use  the  directly  determined  molecular  weight  of 
potassium  chloride,  since  the  most  probable  value  for  the 

*  Aronstein^s  Translation,  p.  278. 
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atomic  w^eight  of  potassium  is  only  in  part  derived  from 
that  salt.  The  following  are  the  values  which  we  shall 
employ : 

Ag      =  107.675,    db  .0096 
K       =•    39.019,    d=  .012 
Na      =    22.998,    dz  .oil 

CI       =    35-370.    i  .014 
O,       =    47.8899,  db  .OIOS 
Aga  =  U3<>45»    dt  -oioS 
NaCl  =    58.3676,  db  .0052 

Now^,  from  ratio  number  five  we  can  get  the  molecular 
weight  of  ammonium  chloride,  NH4CI  =  53.4048,  =fc  .0048, 
and  N  =  14.0336,  d:  .0153. 

From  ratio  number  four  an  independent  value  for  nitro- 
gen can  be  calculated,  namely,  N  =  14.0330,  zt  .015. 

For  the  molecular  weight  of  silver  nitrate  three  values 
are  deducible,  namely : 

From  (I) AgNU,  =  169.5655,  =b  .0151 

From  (2) "       =  169.5362,  ±.  .0138 

From  (3) «       -=  169.5612,  d=  .0429 


General  mean  .     "       =  169.5489,  d=  .0099 

Hence  N  =  13.9840,  it  .0174. 

The  molecular  weight  of  potassium  nitrate  is  twice  cal- 
culable, as  follows : 

From  (6) KNO,  =  100.8985,  d=  .0255 

From  (7) "      =  100.8801,  rb  .0178 


General  mean..     "      =  100.8863,  ±:  .0146 

And  N  =  13.9774,  db  .0216. 

So  also  for  sodium  nitrate  we  have : 

From  (8) NaNO,  =  84,8773,  d:  .0076 

From  (9) _.      "       =  84.8809,  dr  .0099 


General  mean..      "       =  84.8785,  db  .0060 

And  N  =  13.9906,  ±  .0163. 

We  have  now  before  us  six  estimates  of  the  atomic  weight 
of  nitrogen.    It  only  remains  for  us  to  combine  these  after 
4 
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the  usual  method,  as  follows,  in  order  to  obtain  the  most 
probable  value : 


1.  From  specific  gravity  of  N N  =  14.0244,  zt. 

2.  "     ammonium  chloride «*  =  14.0336,  zt. 

3.  "     ratio  number  four "=  14.0330,  ± 

4.  "     silver  nitrate "  =  13.9S40,  ± 

5.  "     potassium  nitrate . "  =  13.9774,  ± 

6.  "     sodium  nitrate "=  13.9906,  d= 


General  mean .. **  =  14.0210, 


0039 

OIS3 
0150 

0174 

0216 

0163 


0035 


If  oxygen  is  16,  this  becomes  14.0291.  Stas  found  N  = 
14.044.  The  diflference  is  .015,  showing  a  remarkably  close 
agreement. 


CARBON. 


Although  there  is  a  large  mass  of  material  relating  to  the 
atomic  weight  of  carbon,  much  of  it  may  be  summarily  set 
aside  as  having  no  value  for  present  purposes.  The  density 
of  carbon  dioxide,  which  has  been  scrupulously  determined 
by  many  investigators,*  leads  to  no  safe  estimate  of  the  con- 
stSemt  under  consideration.  The  numerous  analyses  of  hydro- 
carbons, like  the  analyses  of  naphthalene  by  Mitscherlich, 
Woskresensky,  Fownes,  and  Dumas,  give  results  scarcely 
more  satisfactory.  In  short,  all  the  work  done  upon  the 
atomic  weight  of  carbon  before  the  year  1840  may  be  safely 
rejected  as  unsuited  to  the  present  requirements  of  exact 
science.  As  for  methods  of  estimation  we  need  consider  but 
three,  as  follows : 

Mrst. — ^The  analysis  of  organic  salts  of  silver. 

Second. — ^The  determination  of  the  weight  of  carbon  dioxide 
formed  by  the  combustion  of  a  known  weight  of  carbon. 

*  Notably  by  Lavoisier,  Biot  and  Arago,  De  Saussure,  Dulong  and  Benelius, 
Buff,  Von  Wrede,  Regnault,  and  Marchand.  For  details,  Van  Geuns*  monograph 
may  be  consulted. 
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Third. — The  method  of  Stas,  by  the  combustion  of  carbon 
monoxide. 

The  first  of  these  methods^  which  is  also  the  least  accu- 
rate,  \p^as  employed  by  Liebig  and  Redtenbacher*  in  1840. 
They  worked  with  the  acetate,  tartrate,  racemate,  and  malate 
of  silver,  making  five  ignitions  of  each  salt,  and  determining 
the  percentage  of  metal.  Prom  one  to  nine  grammes  of 
material  were  used  in  each  experiment. 

In  the  acetate  the  following  percentages  of  silver  were 
found: 

64.615 
64.624 
64.623 
64.614 
64.610 


Mean,  64.6172,  :^  .0018 

After  applying  corrections  for  weighing  in  air  this  mean 
becomes  64.6065. 

In  the  tartrate  the  silver  came  out  as  follows : 

59.297 

59299 
59.287 

59-293 
59293 


Mean,  59.2938,  db  •0014 
Or,  reduced  to  a  vacuum,  59.2806 

In  the  racemate  we  have : 

59.290 

59.292 

59.287 

59.283 
59.284 

Mean,  59.2872,  do  .0012 
Or,  corrected,  59.2769 


*Aim.    Cbcm-    Phann.,  38,  137.    Mem.  Chem.  Soc,  i,  9.     Phil.  Mag.,  (3,) 
19,  210. 
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And  from  the  malate  : 

61.996 
61.972 
62.015 
62.059 
62.011 


Mean,  62.0106,  d=  .0096 
Or,  corrected,  62.0016 

Now,  applying  to  these  mean  results  the  atomic  weights 
already  found  for  oxygen  and  silver,  we  get  the  following 
values  for  carbon : 

From  the  acetate C  ==  12.0506,  zt  .0047 

tartrate •*  =  12.0356,  ±  .0064 

racemate "  t=  12.0413,  ±  .0063 

malate "  =  12.0408,  ifc  .0054 

General  mean "  =  12.0363,  d:  .0028 

Now  these  results,  although  remarkably  concordant,  are  by 
no  means  unimpeachable.  They  involve  two  possible  sources 
of  constant  error,  namely,  impurity  of  material  and  the  vol- 
atility of  the  silver.  These  objections  have  both  been  raised 
by  Stas,  who  found  that  the  silver  tartrate,  prepared  as  Liebig 
and  Redtenbacher  prepared  it,  always  carried  traces  of  the 
nitrate,  and  that  he,  by  the  ignition  of  that  salt,  could  not 
get  results  at  all  agreeing  with  theirs.  In  the  case  of  the 
acetate  a  similar  impurity  would  lower  the  percentage  of 
silver,  and  thus  both  sources  of  error  would  reinforce  each 
other  and  make  the  atomic  weight  of  carbon  come  out  too 
high.  With  the  three  other  salts  the  two  sources  of  error 
act  in  opposite  directions,  although  the  volatility  of  the 
silver  is  probably  far  greater  in  its  influence  than  the  im- 
purity. Even  if  we  had  no  other  data  relating  to  the  atomic 
weight  of  carbon,  it  would  be  clear  from  these  facts  that 
the  results  obtained  by  Liebig  and  Redtenbacher  must  be 
decidedly  in  excess  of  the  true  figure. 

A  different  method  of  dealing  .with  organic  silver  salts 
was  adopted  by  Maumen6,*  in  1846,  for  the  purpose  of  estab- 

*  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  18,  41. 
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lishing,  by  reference  to  carbon,  the  atomic  weight  of  silver. 
We  iwill  simply  reverse  his  results  and  apply  them  to  the 
atomic  weight  of  carbon.  He  effected  the  combustion  of 
the  acetate  and  the  oxalate  of  silver,  and,  by  weighing  both 
the  residual  metal  and  the  carbon  dioxide  formed,  he  fixed 
the  ratio  between  these  two  substances.  In  the  case  of  the 
acetate  his  weighings  show  that  for  every  gramme  of  me- 
tallic silver  the  weights  of  CO,  were  produced,  which  are 
shown  in  the  third  column : 


8.083  grm.  Ag 

6.585  gnr 

1.  CO,. 

.8147 

11.215           " 

9135 

t* 

.8136 

14.351 

"•6935 

« 

.8148 

9.030           " 

7.358 

« 

.8148 

20.227           «* 

16.475 

« 

.8145 

• 

Mean,  .81448 

The  oxalate  of  silver,  ignited  by  itself,  decomposes  too 
violently  to  give  good  results;  and  for  this  reason  it  was  not 
used  by  Liebig  and  Redtenbacher.  Maumene,  however, 
found  that  when  the  salt  was  mixed  with  sand  the  combus- 
tion could  be  tranquilly  eflfected.  The  oxalate  employed, 
how^ever,  with  the  exception  of  the  sample  represented  in 
the  last  experiment  of  the  series,  contained  traces  of  nitrate, 
so  that  the^  results  involve  slight  errors.  For  each  gramme 
of  silver  the  appended  weights  of  CO,  were  obtained : 


14.299  grm. 

Ag  = 

5.835 

grm. 

CO,. 

.4081 

17.754 

« 

7.217 

i 

.4059 

11.550 

« 

4.703 

(< 

.4072 

10.771 

i< 

4.387 

t( 

.4073 

8.674 

M 

3.533 

C4 

.4073 

"•4355 

« 

4.658 

t 

Mean, 

.4073 

.40718 

Now,  one  of  these  salts  being  formed  by  a  bivalent  and 
the  other  by  a  univalent  acid,  we  have  to  reduce  both  to  a 
common  standard.  Doing  this,  we  have  the  following  re- 
sults for  the  ratio  between  the  atomic  weight  of  silver  and 
the  molecular  weight  of  COj ;  if  Ag  =  1.00, 
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From  the  acetate,  CO,  =  .40724,  dc  .000076 
"       oxalate,    "    =  .40718,  ±  .000185 

General  mean,    "    =  .40723,  db  .000071 

Here  the  slight  error  due  to  the  impurity  of  the  oxalate 
becomes  of  such  trifling  weight  that  it  practically  vanishes. 

From  these  data,  if  Ag  =  107.675,  ±:  .0096,  CO,  = 
43.8485,  ±  .0086. 

Hence  C  =  11.9219,  ±  .0111. 

As  has  already  been  said,  the  volatility  of  silver  renders 
all  the  foregoing  results  more  or  less  uncertain.  Far  better 
figures  are  furnished  by  the  combustion  of  carbon  directly, 
as  carried  out  by  Dumas  and  Stas'*'  in  1840  and  by  Erdmann 
and  Marchandf  in  1841.  In  both  investigations  weighed 
quantities  of  diamond,  of  natural  graphite,  and  of  artificial 
graphite  were  burned  in  oxygen,  and  the  amount  of  dioxide 
produced  was  estimated  by  the  usual  methods.  The  graphite 
employed  was  purified  with  extreme  care  by  treatment  with 
strong  nitric  acid  and  by  fusion  with  caustic  alkali.  I  have 
reduced  all  the  published  weighings  to  a  common  standard, 
so  as  to  show  in  the  third  column  the  amount  of  oxygen 
which  combines  with  a  unit  weight  (say  one  gramme)  of 
carbon.  Taking  Dumas  and  Stas'  results  first  in  order  we 
have  from  natural  graphite : 

i.ooo  grm.  C  gave  3.671  gnn.  CO,.  2.6710 

.998  "  3.660         "  2.6673 

•994  "  3-^5         "  2.6670 

1. 216  "  4.461  "  2.6686 

1,471  "  5.395         "  2.6676 


Mean, 

2.6683,  db  .0005 

With  artificial  graphite : 

.992  grm.  C  gave  3.642  grm.  CO,. 

2.6714 

.998           "           3.662         «* 

2.6682 

1.660           "           6.085 

2.6654 

1.465           "           5365 

2.6744 

Mean, 

2.66985,  db  .0013 

*  Compt.  Rend.,  11,  991-1008.     Ann.  Chim.  Phys.,  (3,)  1,1. 
t  Joum.  f.  Prakt.  Chem.,  23,  159. 
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And  with  diamond : 


.708  grm.  C  gave  2.598  gnn.  CO,.  a. 6695 

.864           "          3.1675       "  a.666i 

1. 2 19           *'          4.465         «  2.6628 

1.232           **          4'5i9         "  2.6680 

1.375           "          5.041         "  2.6662 

Mean,  2.6665,  d=  .0007 

EiTdinann  and  Marchand's  figures  for  natural  graphite 
give  the  following  results : 

1.5376  gnn.  gave  5.6367  gnn.  CO,.  2.6659 
1.6494  <*  6.0384  **  2.6609 
1.4505    «    5-31575   "         26647 

In  one  experiment  1.8935  grm.  of  artificial  graphite  gave 
6.9356  grm.  CO,.  Ratio  for  0, 2.6628.  This,  combined  with 
the  foregoing  series,  gives  a  mean  of  2.6636,  ±  .0007. 

With  diamond  they  found : 

.8052  gnn.  gave  2.9467  grm.  CO,.  2.6596 

1.0858         "         3-9875  "  2.6632 

'•3557         "         4.9659         "  2.6629 

1.6305         "         597945       "  2.6673 

.7500         "         2.7490         «*  2.6653 

Mean,  2.6637,  d:  .0009 

Now,  combining  all  these  series,  we  get  the  following 
result  : 

Dumas  and  Stas,  ist  set 2.6683,    d=  .0005 

2d  "    2.66985,  d=  .0013 

3d  "   2.6665,    ±.0007 

Erdmann  and  Marchand,  Ist 2.6636,    it  .0007 

*'  2d 2.6637,    rb  .0009 


(I 


General  mean 2.66655,  d=  .0003 

Hence,  if  O  =  15.9633,  ±:  .0035,  C  =  11.973,  ±  .0030. 

Another  very  exact  method  for  determining  the  atomic 
weight  of  carbon  was  employed  by  Stas*  in  1849.  Carefully 
purified  carbon  monoxide  was  passed  over  a  known  weight 

*BulI.  Acad.  Bruxelles,  1849,  (<>)  3^- 
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of  copper  oxide  at  a  red  heat,  and  both  the  residual  metal 
and  the  carbon  dioxide  formed  were  weighed.  The  weigh- 
ings were  reduced  to  a  vacuum  standard,  and  in  each  ex- 
periment a  quantity  of  copper  oxide  was  taken  representing 
from  eight  to  twenty-four  grammes  of  oxygen.  The  method, 
as  will  at  once  be  seen,  is  in  all  essential  features  similar  to 
that  usually  employed  for  determining  the  composition  of 
water.  The  figures  in  the  third  column,  deduced  firom  the 
weights  given  by  Stas,  represent  the  quantity  of  carbon 
monoxide  corresponding  to  one  gramme  of  oxygen : 

9.265  grin.  O  =  25.483  CO,.  1-75046 

8.327         ♦*         22.900    "  1. 75010 

139438      •*       38.35'    "  1.75040 

II.6I24       "        31.935    "  1.75008 

18.763         "         5«-6o55  "  1.75039 

i9-58»  "         538465  "  1.74994 

22.515  "         61.926    "  1.75043 

24.360  "         67.003    "  '.75053 

Mean,  1.75029,  dz  .00005 

Hence  the  molecular  weight   of   carbon   monoxide    is 
27.9404,  zt  .0062.    And  C  =  11.9771,  ±  .0071. 

Now,  in  order  to  complete  our  discussion,  we  must  com- 
bine the  four  values  we  have  found  for  carbon : 

1.  By  Liebig  and  Redtenbacher..C  =  12.0363,  d=  .0028 

2.  By  Maumeni's  figures  .. "  =  11. 9219,  ri:  .oiil 

3.  By  combustion  of  carbon "  =  11.9730,  db  .0030 

4.  By  Stas*  method "  =  11. 9771,  dt  .0071 

General  mean "  =  12.0021,  i  .0019 

But  values  one  and  two  are  hardly  reliable  enough  to  be 
included  in  our  final  estimate.  They  invofve  dangerous 
constant  errors,  and  ought,  therefore,  to  be  disregarded. 
Rejecting  them  altogether,  and  taking  a  general  mean  from 
values  three  and  four,  we  get  for  the  most  probable  figure 
for  the  atomic  weight  of  carbon,  C  =  11.9736,  ±  .0028.  If 
oxygen  is  16,  then  carbon  becomes  12.0011.  In  other  words, 
the  ratio  between  oxygen  and  carbon  is  almost  exactly  16 
to  12. 
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BARIUM. 

For  determining  the  atomic  weight  of  barium  we  have  a 
series  of  six  ratios,  established  by  the  labors  of  Berzelius> 
Turner,  Struve,  Pelouze,  Marignac,  and  Dumas.  Andrews* 
and  Salyetat,t  in  their  papers  upon  this  subject,  gave  no 
details  nor  weighings ;  and,  therefore,  their  work  may  be 
properly  disregarded.  First  in  order  in  point  of  import- 
ance, if  not  first  chronologically,  is  the  ratio  between  silver 
and  anhydrous  barium  chloride,  as  determined  by  Pelouze, 
Marignac,  and  Dumas. 

Pelouze,!  in  1845,  made  the  three  subjoined  estimations 
of  this  ratio,  using  his  well  known  volumetric  method.  A 
quantity  of  pure  silver  was  dissolved  in  nitric  acid,  and  the 
amount  of  barium  chloride  needed  to  precipitate  it  was  ac- 
curately ascertained.  In  the  last  column  I  give  the  quan- 
tity of  barium  chloride  proportional  to  100  parts  of  silver  : 

3.860  grm.  BaCI,  ppt.  4.002  grm.  Ag.  96.452 

5-790  "  6.003        "  96-452 

2.895  "  3-OOI        "  96.468 


Mean,  96.4573,  d=  .0036 

Essentially  the  same  method  was  adopted  by  Marignac|| 
in  1848.  His  experiments  were  made  upon  four  samples  of 
barium  chloride,  as  follows.  A,  commercial  barium  chlo- 
ride, purified  by  recrystallization  from  water.  B,  the  same 
salt,  calcined,  redissolved  in  water,  the  solution  saturated 
with  carbonic  acid,  filtered,  and  allowed  to  crystallize.  C, 
the  preceding  ttfilt,  washed  with  alcohol,  and  again  recrys- 
tallized.  D,  the  same,  again  washed  with  alcohol.  For  100 
parts  of  silver  the  following  quantities  of  chloride  were  re- 
quired : 

*  Qiemical  Gazette,  October,  1852. 

t  Compt.  Rend.,  17,  318. 

}Compt.  Rend.,  20,  1047.    Joum.  fUr  Prakt.  Chem.,  35,  73. 

II  Arch.  d.  Sci.  Phys.  et  Nat.,  8,  271. 
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A. 

96.356 

96.345 
96.362 

Mean,  96.3543,  db  .0033 

-    B. 

96.356 
96.452 

Mean,  96.354,  dr  ,0013 

C. 

96.358 
96.363 

Mean,  96.3605,  d=  .0017 

D. 

96.346 

96.384 
96.361 

96.377 
Mean,  96.367,  d=  .0057 

Dumas'*'  employed  barium  chloride  prepared  from  pure 
barium  nitrate,  and  took  the  extra  precaution  of  fusing  the 
salt  at  a  red  heat  in  a  current  of  dry  hydrochloric  acid  gas. 
Three  series  of  experiments  upon  three  samples  of  chloride 
gave  the  following  results  : 

Series  A, 
1.7585  grm.  BaCl,  =  1.826  grm.  Ag.         Ratio,  96.303 

3.842  "  3.988        "  96.339 

2.1585  "  2.2405      "  96.340 

4.0162  "  4.168        «  96.358 


Mean,  96.3325,  d:  .0068 


*  Ann.  Chem.  Pharm.,  113,  22.     i860.       Ann.  Chim.  Phys.,  (3,)  55,  129. 
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1.6625  S"^-  BaCl, 

2.4987 
3-4468 

4.0822 


« 

(4 


4.4564 
8.6975 


«< 


Senfs  jB» 

1.727  grm.  Ag. 
2.5946 

3-579 
4-2395 

4.3683 
4.629 

9.031 


« 


<i 


ii 


« 


<i 


i< 


Ratio,  96.265 
96.304 
96.306 
96.290 
96.289 
96.271 
96.307 


Mean,  96.2902, 

SerUs  C. 

2.2957  grm.  BaCl,  = 

:  2.3835  grm.  Ag. 

Ratio,  96.316 

4.1372 

4.293          " 

96.371 

4.2662             " 

4.430 

96.303 

4.4764 

4.647 

96.329 

5.6397 

5.852 

96.372 

.0043 


Mean,  96.3382,  dz  .0096 

We  have  now  eight  series  of  experiments  upon  this  ratio, 
representing  thirty  distinct  estimations.  Combining,  we  get 
a  general  mean  as  follows : 

Pelottze 96.4573»  :fc  .0036 

Marignac,  A.. 96.3S43»  ^  0033 

B 96.3540,  d=  .0013 

C 96.3605,  d=  .0017 

D 96.3670,  d=  .0057 

Dumas,  A 96.3325,  ±  .0068 

"       B 96.2902,  rh  .0043 

"       C 96.3382,  ±:  .0096 


<( 


tt 


u 


General  mean ..  96.3596,  db  .0009 

Tlie  ratio  between  silver  and  crystallized  barium  chloride 
has  also  been  fixed  by  Marignac*  The  usual  method  was 
employed,  and  two  series  of  experiments  were  made ;  in  the 
second  of  which  the  water  of  crystallization  was  determined 
previous  to  the  estimation.  Five  grammes  of  chloride  were 
taken  in  each  determination.  The  following  quantities  of 
BaCl2-2H,0  correspond  to  100  parts  of  silver : 


♦Journ.  f.  Prakt.  Chem.,  74,  212.     1858. 


60  THE   ATOMIC  WEIGHTS. 

t 
A.  B. 

1 13. 109  113- 135 

113135  113.122 

113097  113.060 

Mean,  113. 1 14,  d=  .0074  Mean,  113. 106,  ±  .0154 

The  general  mean  from  both  series  is  113.113,  =b  .0067. 

The  direct  ratio  between  the  chlorides  of  silver  and 
barium  was  early  established  both  by  Berzelius*  and  Tur- 
ner.f  Berzelius  found  that  100  parts  of  dry  barium  chlo- 
ride gave  of  silver  chloride: 

138.06 
138.08 

Mean,  138.07,  ±  .007 

Turner  made  five  experiments,  with  the  following  results: 

137.45 
137.54 

137.70 
137.62 

137.64 

Of  these.  Turner  regards  the  fourth  and  fifth  as  the  most 
exact.  These  give  a  mean  of  137.63,  ±  .007,  while  the 
other  three  are  in  mean  137.563,  ±.  .049.  Combining  Ber- 
zelius' figures  with  those  of  Turner,  we  get  as  follows : 

Berzelius 138.07,    ±  .007 

Turner,  i,  2,  3 137.563»  =t  -049 

"      4,5 — 137.63,    db  .007 


General  mean 137.841,  db  .0047 

Incidentally  to  some  of  his  other  work  Marignact  deter- 
mined the  percentage  of  water  in  crystallized  barium  chlo- 
ride. Two  sets  of  three  experiments  each  were  made,  the 
first  upon  five  grammes  and  the  second  upon  ten  grammes 
of  salt.    The  following  are  the  percentages  obtained : 

*  Poggend.  Annal.,  8,  177. 

t  Phil.  Trans.,  1829,  291. 

J  Joum.  f.  Prakt.  Chem.,  74,  212.     1858. 
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A. 

B. 

14.790 

14.80 

14.796 

14.81 

14.800 

14.80 

61 


Mean,  14.795,  db  .0019  Mean,  14.803,  =b  .002 

General  mean  of  both  series,  14.799,  ^  •0014 

The  ratio  between  barimn  nitrate  and  barium  sulphate 
has  been  determined  only  by  Turner.*  According  to  his 
experiments  100  parts  of  sulphate  correspond  to  the  follow- 
ing quantities  of  nitrate : 

112.060 
III. 990 
112.035 


Mean,  112.028,  zt  .014 

For  the  similar  ratio  between  the  sulphate  and  the  chlo- 
ride there  are  experiments  by  Turner,  Berzelius,  Struve, 
and  Marignac.  Turnerf  found  that  100  parts  of  chloride 
ignited  with  sulphuric  acid  gave  112.19  parts  of  sulphate. 
By  the  common  method  of  precipitation  and  filtration  a 
lower  figure  was  obtained,  because  of  the  slight  solubility  of 
the  sulphate.  This  point  bears  directly  upon  many  other 
atomic  weight  determinations. 

Berzeliu8,t  treating  barium  chloride  with  sulphuric  acid, 
obtained   the  following  results  in  BaS04  for  100  parts  of 

Baa,: 

112.17 

II2.X8 


Mean,  11 2. 175,  d=  .0034 

Struve,||  in  two  experiments,  found : 

112.0912 
112.0964 


Mean,  112.0938,  :t  .0018 


*  Phil.  Trans.,  1833,  538. 

fPhil.  Trans.,  1829,  291. 

t  Poggend.  Annal.,  8,  177. 

II  Ann.  Chem.  Phann.,  80,  204.     185 1. 
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Marignac's*  three  results  are  as  follows : 

8.520  grm.  BaCl,  gave  9.543  BaSO^.       Ratio,  112.007 

8.519  "  9.544      "  112.032 

8.520  "  9.542      "  I  "995 

Mean,  112.01 1,  ^  .0071 

Rejecting  Turner's  single  result  as  unimportant,  we  may 
combine  the  other  series : 

Berzelius 112.175,    ±.0034 

Struve 112.0938,  db  .0018 

Marignac 112.011,    dt  .0071 

General  mean 1 112. 106,    d=  .0015 

The  data  from  which  we  are  to  calculate  the  atomic  weight 
of  barium  may  now  be  tabulated  as  follows : 

(I.)  Ag,  :  BaCl,  : :  lOO  :  96.3596,  rb  .0009 

(2.)  Ag,  :.BaCl,.2H,0  : :  100  :  113. 113,  d=  .0067 

(3.)  BaCl,  :  2AgCl  : :  100  :  137.841,  d=  .0047 

(4.)  Per  cent,  of  H,0  in  BaCl,.2H,0.  14.799,  ±  .0014 

(5.)  BaSOf  :  BaN,Of  : :  112.028,  db  .014 

(6.)  BaCl,  :  BaSO^  : :  100  :  1 12. 106,  db  .0015 

From  these  ratios,  with  the  aid  of  the  atomic  weights 
already  established,  we  can  immediately  calculate  four  inde- 
pendent values  for  the  molecular  weight  of  BaCl, : 

From  (i) BaCl,  :=  207.510,  ±  .019 

From  (2) "     =  207.662,  ±  .027 

From  (3) '*     =  207.536,  d=  .017 

From  (4) "     =  206.837,  dr  .045 

•  I      III 

General  mean "     =  207 .  505,  db  .on 

We  have  here  an  interesting  example  of  the  compensation 
of  constant  errors.  Ratios  (2)  and  (4)  both  represent  work 
done  by  Marignac  upon  barium  chloride  containing  water 
of  crystallization.  If  now,  as  is  not  improbable,  the  salt 
contained  a  trifling  excess  of  water,  the  molecular  weight  of 
barium  chloride  as  calculated  from  (2)  would  come  out  too 
high,  while  on  the  other  hand  the  result  from  ratio  (4) 
would  err  in  the  opposite  direction.    In  point  of  fact,  the 

• 

*  Joum.  f.  Prakt.  Chem.,  74,  212.     1858. 
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two  results  in  the  present  calculatioa  nearly  compensate 
each  other,  and,  on  account  of  their  relatively  high  prob- 
able errors,  they  exert  but  an  unimportant  influence  upon 
the  general  mean. 

In  conclusion,  we  have  three  indejpendent  values  for  the 
atomic  weight  of  barium : 

From  mol.  wt.  of  BaO, Ba  =  136.765,  i  .031 

From  ratio  (5) ^  "  =  136.795,  dz  .364 

From  ratio  (6) "  =  136.595,  ±  .309 

General  mean "  =  136.763,  db  .031 

If  O  =  16,  then  Ba  =  137.007.  In  other  words,  the  ratio 
between  oxygen  and  barium  is  almost  an  exact  ratio  between 
two  whole  numbers. 

In  the  above  discussion  it  will  at  once  be  noticed  that  the 
second  and  third  values  for  Ba  have  very  high  probable 
errors,  and  that  they  therefore  exert  almost  no  influence 
upon  the  general  mean.  This  fact  by  no  means  renders 
them  worthless  however,  for,  at  the  lowest  estimate,  they  are 
useful  in  confirmation  of  the  better  determinations.  It  is 
also  highly  probable  that  the  method  of  discussion,  rigidly 
carried  out,  does  not  do  them  absolute  justice. 
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STRONTIUM. 

The  ratios  which  fix  the  atomic  weight  of  strontium  re- 
semble in  general  terms  those  relating  to  barium,  only  they 
are  fewer  in  number  and  represent  a  comparatively  small 
amount  of  work.  The  early  experiments  of  Stromeyer,* 
who  measured  the  volume  of  CO,  evolved  from  a  known 
weight  of  strontium  carbonate,  are  hardly  available  for  the 
present  discussion.  So  also  we  may  exclude  the  determina- 
tion by  Salvetat,t  who  neglected  to  publish  sufficient  details. 

Taking  the  ratio  between  strontium  chloride  and  silver 
first  in  order,  we  have  series  of  figures  by  Pelouze  and  by 
Dumas.  Pelouzet  employed  the  volumetric  method  already 
described  under  barium,  and  in  two  experiments  obtained 
the  subjoined  results.  In  another  column  I  append  the 
ratio  between  SrCl,  and  100  parts  of  silver : 

1. 480  grm.  SrCl,  :=  2.014  gnn.  Ag.  73-486 

2.210  "  3.008        "  73«47i 


Mean,  73.4781,  zh  .0050 

Dumas,!!  by  the  same  general  method,  made  sets  of  ex- 
periments with  three  samples  of  chloride  which  had  pre- 
'  viously  been  fused  in  a  current  of  dry  hydrochloric  acid. 
His  results,  expressed  in  the  usual  way,  are  as  follows : 

Series  A. 

3.137  grm.  SrCl,  =  4.280  grm.  Ag.  Ratio,  73.2944 

1.982             "             2.705        "  732717 

3.041             "             4142        "  734186 

3.099             "             4.219        "  73-4534 


Mean,  73-3595.  ±:  -0303 


♦  Schweigg.  Joum.,  19,  228.     1816. 
f  Compt.  Rend.,  17,  318.     1843. 

I  Compt.  Rend.,  20,  1047.     1845. 

II  Ann.  Chim.  Phys.,  (3,)  55.  29.     1859.      Ann.  Chem.  Pharm.,  113,  34. 
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« 


Series  B. 

3.356  grm.  SrCl,  =  4-574  gnn.  Ag.  Ratio,  73-3713 

6.3645           "             8667        "  734327 

7.131             "            9-712        "  734246 

Mean,  73.4095,  d:  .0130 

Series  C. 

7.213  gnn.  SrCl,  =  9.811  gnn.  Ag.  Ratio,  73-5»95 

2.206             "            3.006        "  73.3866 

4.268             ««            5.816        «•  735529 

4.018             «            5.477        "  733613 

^  Mean,  73-455^  =t  .0321 

Combining,  we  have : 

Pdoaze 73-478i,  =b  .0050 

Dumas,  A _ 73-3595»  db  .0303 

B _ 73-409S»  ±  -0130 

C 73-455»»  ±  -0321 

General  mean 73-4655f  d:  .0046 

The  foregoing  figures  apply  to  anhydrous  strontium  chlo- 
ride. The  ratio  between  silver  and  the  crystallized  salt, 
SrClj.GHjO,  has  also  been  determined  in  two  series  of  ex- 
periments by  Marignac*  Five  grammes  of  salt  were  used 
in  each  estimation,  and,  in  the  second  series,  the  percentage 
of  water  was  first  determined.  The  quantities  of  the  salt 
corresponding  to  100  parts  of  silver  are  given  in  the  last 
colunm: 

Series  A, 

5  grm.  SrCl,.6H,0  =  4.0515  grm.  Ag.  123.41 1 

"  "  4*0495        "  123.472 

"  "  4-0505        "  123.442 

Mean,  123.442,  db  -012 

Series  B. 

5  gnn.  SrCl,.6H,0  =  4.0490  grm.  Ag.  123.487 

"  "  4.0500        "  123.457 

••  "  4-0490        "  123.487 

Mean,  123.477,  db  .007 
General  mean  of  both  series,  123.470,  d=  -006 


«  Joum.  Prakt.  Chem.,  74,  216.     1858. 
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In  the  same  paper  Marignac  gives  two  sets  of  determina- 

*tions  of  the  percentage  of  water  in  crystallized  strontium 

chloride.    The  first  set,  corresponding  to  "  B  "  above,  coxnes 

out  thus : 

40.556 

405^ 
405^ 


Mean,  40.563,  dr  .0024 

In  the  second  set  ten  grammes  of  salt  were  taken  at  a 
time,  and  the  following  percentages  were  found  : 

40.58 
40.59 
40.58 


Mean,  40.583,  dr  .0020 
General  mean,  from  both  series,  40.575,  d=  .0015 

The  chloride  used  in  the  series  of  estimations  last  given 
was  subsequently  employed  for  ascertaining  the  ratio  be- 
tween it  and  the  sulphate.  Converted  directly  into  sulphate, 
100  parts  of  chloride  yield  the  quantities  given  in  the  third 
column : 

5.942  grm.  SrCljgave  6.887  gn»-  SrSO^.  115*932 

5.941  "  6.8855  "  "5-949 

5.942  "  6.884  "  115-927 


Mean,  115.936,  ±  .004 

Now,  to  sum  up  the  ratios  and  calculate   the   atomic 
weight  of  strontium. 

(I.)  Ag  :  SrCl,  : :  100  :  73-4655»  ±  -^H^ 
(2.)  Ag  :  Sra,.6H,0  : :  100  :  123.470,  ±  .006 
(3.)  Per  cent,  of  H,0  in  SrCl,.6H,0,  40.575,  =t  .0015 
(4.)  SrCl,  :  SrSO^  : :  100  :  I15.936,  d=  .004 

We  now  have  the  molecular  weight  of  SrCl,,  as  follows : 

From  (l)_ SrCl,  =  158.208,  d:  .017 

From  (2) "     =  158.113.  ±  -034 

From  (3) "    =  157-852.  ±  .032 

General  mean "    =  158.124,  ±:  .014 
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And  for  the  atomic  weight  of  strontium  itself  we  have 
two  values,  as  follows : 

1.  From  mol.  wt.  of  SrCl, Sr  =  87.384,  d=  .032 

2.  From  (4) "  =  86.765,  d=  .244 

General  mean . "  =  87.374,  d=  .032 

If  O  =  16,  then  Sr  =  87.575. 


CALCIUM. 


"For  determining  the  atomic  weight  of  calcium  we  have 
sets  of  experiments  by  Berzelius,  Erdmann  and  Marchand, 
and  Dumas.     Salv^tat"**  also  has  published  an  estimation, 
l>\it  without  the  details  necessary  to  enable  us  to  make  use 
of    his  results.     I  also  find  a  referencef  to  some  work  of 
Marignac ;  which,  however,  seems  to  have  been  of  but  little 
importance.     The  earlier  work  of  Berzelius  was  very  in- 
exact as  regards  calcium,  and  it  is  not  until  we  come  down 
to  the  year  1842  that  we  find  any  material  of  decided  value. 
The  most  important  factor  in  our  present  discussion  is  the 
composition  of  calcium  carbonate,  as  worked  out  by  Dumas 
and  by  Erdmann  and  Marchand. 

In  1842  DumasJ  made  three  ignitions  of  Iceland  spar, 

and  determined  the  percentages  of  carbon  dioxide  driven 

off  and  of  lime  remaining.    The  impurities  of  the  material 

were  also  determined,  the  correction  for  them  applied,  and  the 

weighings  reduced  to  a  vacuum  standard.    The  percentage 

of  Jime  came  out  as  follows  : 

56.12 
56.04 
56.06 


Mean,  56.073,  :t,  .016 


*  Compt.  Rend.,  17,  318.     1843. 
+  See  Gudeman's  monograph,  p.  51. 
t  Compt.  Rend.,  14,  537.     1842. 
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About  this  same  time  Erdmann  and  Marchand^  began 
their  researches  upon  the  same  subject.  Two  ignitions  of 
spar,  containing  .04  per  cent,  of  impurity,  gave  respectively 
56.09  and  56.18  per  cent,  of  residue ;  but  these  results  are 
not  exact  enough  for  us  to  consider  further.  Four  other 
results  obtained  with  artificial  calcium  carbonate  are  more 
noteworthy.  The  carbonate  was  precipitated  from  a  solu- 
tion of  pure  calcium  chloride  by  ammonium  carbonate,  was 
washed  thoroughly  with  hot  water,  and  dried  at  a  tempera- 
ture of  180®.  With  this  preparation  the  following  residues 
of  lime  were  obtained : 

56.03 

55.98 
56.00 

55-99 


Mean,  56.00,  d=  .007 

It  was  subsequently  shown  by  Berzelius  that  calcium  car- 
bonate prepared  by  this  method  retains  traces  of  water  even 
at  200^,  and  that  minute  quantities  of  chloride  are  also  held 
by  it.  These  sources  of  error  are,  however,  in  opposite  di- 
rections, since  one  would  tend  to  diminish  and  the  other  to 
increase  the  weight  of  residue. 

In  the  same  paper  there  are  also  two  direct  estimations  of 
carbonic  acid  in  pure  Iceland  spar,  which  correspond  to  the 
following  percentages  of  lime : 

56.00 
56.02 


Mean,  56.01,  i  .007 

In  a  still  later  paperf  the  same  investigators  give  another 
series  of  results  based  upon  the  ignition  of  Iceland  spar. 
The  impurities  were  carefully  estimated,  and  the  percentages 
of  lime  are  suitably  corrected : 


*  Journ.  flir  Prakt.  Chem.,  26,  472.     1842. 
f  Journ.  fUr  Prakt.  Qiem.,  31,  269.     1844. 
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4.2134  gnn.  CaCO,  gave  2.3594  grm.  CaO.        55-997  per  cent. 
^5-'3*5  "  8.4810         "  56.022       " 


23-5503  "  I3-J958  "  56-031 

23.6390  •*  13.2456  "  56.032 

42.0295  "  23.5533  "  56.044 

49.7007  "  27.8536  "  56.042 


14 


Mean,  56.028,  dz  .0047 

Six  years  later  Erdmann  and  Marchaud*  published  one 
more  result  upon  the  ignition  of  calcium  carbonate.  They 
found  that  the  compound  began  giving  off  carbon  dioxide 
below  the  temperature  at  which  their  previous  samples  had 
been  dried,  or  about  200°,  and  that,  on  the  other  hand, 
traces  of  the  dioxide  were  retained  by  the  lime  after  ignition. 
These  two  errors  do  not  compensate  each  other,  since  both 
tend  to  raise  the  percentage  of  lime.  In  the  one  experiment 
now  under  consideration  these  errors  were  accurately  esti- 
mated, and  the  needful  corrections  were  applied  to  the  final 
result.  The  percentage  of  residual  lime  in  this  case  came 
out  55.998.  This  agrees  tolerably  well  with  the  figures 
found  in  the  direct  estimation  of  carbonic  acid,  and,  if  com- 
bined with  those  two,  gives  a  mean  for  all  three  of  56.006, 

di  .0043. 
Combining  all  these  series  we  get  the  following  result : 

Dnmas 56.073,  d=  .016 

Erdmann  and  Marchand 56.006,  d=  .007 

"  "        .— 56.028,  zt  .0047 

.— 56.006,  ±  .0043 

General  mean 56.0198,  dr  .0029 

For  reasons  given  above  this  mean  is  probably  vitiated 
by  a  slight  constant  error,  which  makes  the  figure  a  trifle 

too  high. 

In  the  earliest  of  three  papers  by  Erdmann  and  Marchand 
there  is  also  given  a  series  of  determinations  of  the  ratio 
between   calcium  carbonate  and  sulphate.     Pure  Iceland 


*  Joum.  ftlr  Prakt.  Chem.,  50,  237.     1850. 
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spar  was  carefully  converted  into  calcium  sulphatei  and  the 
gain  in  weight  noted.  One  hundred  parts  of  spar  gave  of 
sulphate  ; 

136.07 
136.06 
136.02 
136.06 


V 


Mean,  136.0525,  db  .0071 

In  1843  the  atomic  weight  of  calcium  was  redetermined 
by  Berzelius,*  who  investigated  the  ratio  between  lime  and 
calcium  sulphate.  The  calcium  was  first  precipitated  from 
a  pure  solution  of  nitrate  by  means  of  ammonium  car- 
bonate, and  the  thoroughly  washed  precipitate  was  dried 
and  strongly  ignited  in  order  to  obtain  lime  wholly  free 
from  extraneous  matter.  This  lime  was  then,  with  suitable 
precautions,  treated  with  sulphuric  acid,  and  the  resulting 
sulphate  was  weighed.  Correction  was  applied  for  the  trace 
of  solid  impurity  contained  in  the  acid,  but  not  for  the 
weighing  in  air.  The  figures  in  the  last  column  represent 
the  percentage  of  weight  gained  by  the  lime  upon  conversion 
into  sulphate : 

1.80425  grm.  CaO  gained  2.56735  grm.  142.295 


2.50400 

II 

357050 

II 

142.592 

3.90000 

<i 

555140 

II 

142.343 

3.04250 

II 

4.32650 

II 

142.202 

345900 

if 

4.93140 

<l 

142.567 

Mean,  142.3998,  d=  .0518 

Last  of  all  we  have  the  ratio  between  calcium  chloride 
and  silver,  as  determined  by  Dumas.t  Pure  calcium  chlo- 
ride was  first  ignited  in  a  stream  of  dry  hydrochloric  acid, 
and  the  solution  of  this  salt  was  afterwards  titrated  with  a 
silver  solution  in  the  usual  way.  The  CaCl,  proportional 
to  100  parts  of  Ag  is  given  in  a  third  column  : 


*  Journ.  fUr  Prakt.  Chem.,  31,  263.     Ann.  Chem.  Pharm.,  46,  241. 

f  Ann.  Chiin.  Phys.,  (3,)  55,  129.     1859.      Ann.  Chem.  Pharm.,  113,  34. 
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a.738  gnn.  Cad,  ==  5.309  grm.  Ag.  51-573 

a.436  "  4.731        "  51.490 

'•859  "  3-617        "  5>-396 

2.771  "  5-3^5      "  5»-424 

2.240  "  4.3585      "  51-394 

Mean,  51.4554*  db  .0230. 

We  have  now  four  ratios  to  calculate  from,  as  follows : 

(I.)  Per  cent,  of  CaO  in  CaCO,,  56.0198,  d=  .0029 
(2.)  CaO  :  SO,  : :  100  :  142.3998,  dz  .0518 
(3.)  CaCOj  :  CaSO^  : :  lOO  :  136.0525,  ±  .0071 
(4.)  Ag  :  CaCl,  : :  lOO  :  5 1. 45 54,  d=  .0230 

These  give  us  the  subjoined  values  for  calcium : 

From  (I) Ca  =  39.955,  db  .on 

From  (2) "  =  40.139,  d=  .023 

From  (3) "  =39.925,  ±  .068 

From  (4) "  =40.069,  d=  .058 

General  mean **  =39.990,  d=  .010 

If  O  =  16,  then  Ca  =  40.082. 

A  glance  at  the  above  figures  will  show  that,  if,  as  is 
probable,  the  value  deduced  from  the  composition  of  calcium 
carbonate  is  a  trifle  too  high,  the  general  mean  must  be  too 
high  also.  It  is,  therefore,  interesting  to  see  what  result  the 
very  latest  of  Erdmann  and  Marchand's  experiments  will 
lead  to.  They  found,  after  taking  every  precaution,  in  a 
single  exp>eriment  that  calcium  carbonate  yielded  55.998  per 
cent,  of  lime.  From  this  we  get  Ca  =  39.905 ;  or,  if  0  = 
16,  Ca  =  39.997.  It  is  possible,  then,  that  "  Front's  law " 
may  hold  good  for  calcium. 
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LEAD. 

For  the  atomic  weight  of  lead  we  have  to  consider  experi- 
ments made  upon  the  oxide,  chloride,  nitrate,  and  sulphate. 
The  researches  of  Berzelius  upon  the  carbonate  and  various 
organic  salts  need  not  now  be  considered,  nor  is  it  worth 
while  to  take  into  account  any  work  of  his  done  before  the 
year  1818.  The  results  obtained  by  Dobereiner*  and  by 
Longchampt  are  also  without  special  present  value. 

For  the  exact  composition  of  lead  oxide  we  have  to  de- 
pend upon  the  researches  of  Berzelius.  His  experiments 
were  made  at  different  times  through  quite  a  number  of 
years ;  but  were  finally  summed  up  in  the  last  edition  of 
his  famous  "  Lehrbuch."|  In  general  terms  his  method  of 
experiment  was  verj^  simple.  Perfectly  pure,  lead  oxide  was 
heated  in  a  current  of  hydrogen,  and  the  reduced  metal 
weighed.  From  his  weighings  I  have  calculated  the  per- 
centages of  lead  thus  found  and  given  them  in  a  third 
column : 


Earlier  Results, 

8.045  grni. 

PbO 

gave  7.4675  gnn« 

Pb*. 

92.8217  per  cent. 

14.183 

i« 

13.165 

92.8224 

(t 

10.8645 

<t 

10.084          " 

92.8160 

•< 

13- 1465 

«t 

12.2045 

92.8346 

« 

21.9425 

i< 

20.3695 

92.8313 

t< 

II. 159 

t« 

10.359 

Latest, 

92.8309 

•( 

6.6155 

«< 

6. 141           " 

92.8275 

(« 

14.487 

*t 

13-448 

92.8280 

14.626 

*t 

13.5775 

928313 

1 

Mean,  92.8271,  ±1  .0013 

For  the  synthesis  of  lead  sulphate  we  have  data  by  Ber- 
zelius, Turner,  and  Stas.    Berzelius,||  whose  experiments 

*Schweig.  Journ.,  17,  241.     1816. 
t  Ann.  Chim.  Phys.,  34,  105.     1827. 
X  Bd.  3,  s.  1218. 
II  Lehrbuch,  5th  Ed.,  3,  1187. 
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were  intended  rather  to  fix  the  atomic  weight  of  sulphur, 
dissolved  in  each  estimation  ten  grammes  of  pure  lead  in 
nitric  acid,  then  treated  the  resulting  nitrate  with  sulphuric 
acid,  brought  the  sulphate  thus  formed  to  dryness,  and 
weighed.      One  hundred  parts  of  metal  yield  of  PbS04  • 

146.380 
146.400 
146.440 

146.458 

Mean,  146.419,  db  .012 

Turner,*  in  three  similar  experiments,  found  as  follows : 

146.430 
146.398 

.146.375 

Mean,  146.401,  d=  .oil 

In  these  results  of  Turner's  absolute  weights  are  implied. 

The  results  of  Stas'  syntheses,t  effected  after  the  same 
general  method^  hut  with  variations  in  details,  are  as  follows. 
Corrections  for  weighing  in  air  were  applied : 

146.443 
146.427 

146.419 

146.432 

146.421 

146.423 

Mean,  146.4275,  d=  .0024 

Ck>nibixiing,  we  get  the  subjoined  result : 


146.419,  ±.012 

Xtumcr 146.401,    ±:  .011 

Stas 146.42751  =i=   OOM 

General  mean 146.4262,  db  .0023 

Turner,  in  the  same  paper,  also  gives  a  series  of  syntheses 
of  lead  sulphate,  in  which  he  starts  from  the  oxide  instead 

*  Phil.  Tran-s.,  1833,  527-538- 
t  Aronstcin*s  Translation,  333. 


74  THE   ATOMIC   WEIGHTS. 

of  from  the  metal.    One  hundred  parts  of  PbO,  upon  con- 
veraion  into  PbS04,  gained  weight  as  follows : 

35.84 

3571 

35.84 
35.75 
35.79 
35.78 

35.92 


Mean,  35.804,  d=  .018 

These  figures  are  not  wholly  reliable.  Numbers  one,  two, 
and  three  represent  lead  oxide  contaminated  with  traces  of 
niti-ate.  The  oxide  of  four,  five,  and  six  contained  tmces 
of  minium.  Number  seven  was  free  from  these  sources  of 
error,  and,  therefore,  deserves  more  consideration.  The 
series  as  a  whole  undoubtedly  gives  too  low  a  figure ;  and 
this  error  would  tend  to  slightly  raise  the  atomic  weight  of 
lead. 

Still  a  third  series  by  Turner  establishes  the  ratio  between 
the  nitrate  and  the  sulphate ;  a  known  weight  of  the  former 
being  in  each  experiment  converted  into  the  latter.  One 
hundred  parts  of  sulphate  represent  of  nitrate : 

109.312 
109.310 
109.300 


Mean,  109.307,  db  .002 

In  all  these  experiments  by  Turner  the  necessary  correc- 
tions were  made  for  weighing  in  air. 

For  the  ratio  between  lead  chloride  and  silver  we  have  a 
series  of  results  by  Marignac  and  one  experiment  by  Dumas. 
There  are  also  unavailable  data  by  Turner  and  by  Ber- 
zelius. 

Marignac,*  applying  the  method  used  in  his  researches 
upon  barium  and  strontium,  and  working  with  lead  chlo- 
ride which  had  been  dried  at  200°,  obtained  these  results. 

♦  Journ.  fUr  Prakt.  Chem.,  74,  218.     1858. 
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Tlie  third  column  gives  the  ratio  between  PbCl,  and  100 
parts  of  Ag  : 

4-9975  g"«-  PbClj  =  3.8810  grm.  Ag.  128.768 

4.99S0  "  3.883s        "  128.698 

5.0000  "  3.8835        *•  128.750 

5.0000  "  3.8860        "  128.667 


Mean,  128.721,  db  .016 

Dumas  *  in  his  investigations,  found  that  lead  chloride 
retains  traces  of  water  even  at  250°,  and  is  sometimes  also 
contaminated  with  oxychloride.  In  one  estimation  8.700 
grammes  PbCl,  saturated  6.750  of  Ag.  The  chloride  con- 
tained .009  of  impurity;  hence,  correcting,  Ag  :  PbCl,  : : 
lOO  :  128.750.  If  we  assign  this  figure  equal  weight  with 
those  of  Marignac,  we  get  as  the  mean  of  all,  128.7266,  i 
.013.  The  sources  of  error  indicated  by  Dumas,  if  they  are 
really  involved  in  this  mean,  would  tend  slightly  to  raise 
the  atomic  weight  of  lead. 

The  synthesis  of  lead  nitrate,  as  carried  oijt  by  Stas,t 
gives  excellent  results.  Two  series  of  experiments  were 
made,  with  from  103  to  250  grammes  of  lead  in  each  deter- 
mination. The  metal  was  dissolved  in  nitric  acid,  the  solu- 
tion evaporated  to  dryness  with  extreme  care,  and  the 
nitrate  weighed.  All  weighings  were  reduced  to  the  vacuum 
standard.  In  series  A  the  lead  nitrate  was  dried  in  an  air 
current  at  a  temperature  of  about  155°.  In  series  B  the 
drying  was  eflfected  in  vacuo.    100  of  lead  yield  of  nitrate : 

A. 

»S9.973 

>59-975 
159-982 

>  59.975 
159-968 

159-973 


Mean,  159.9743,  i  .0012 


♦Ann.  Chem.  Phann.,  113,  35.     i860, 
t  Aronstein's  Translation,  326. 
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B. 

159.970 
159.964 

159.959 
159.965 

Mean,  159.9645,  =b  .0015 
Mean  from  both  series,  159.9704,  db  .0010 

There  still  remain  to  be  noticed  two  sets  of  experiments 
upon  lead  nitrate,  which  were  originally  intended  to  estab- 
lish the  atomic  weight  of  nitrogen.  Lead  nitrate  was  care- 
fully ignited  and  the  residual  oxide  weighed.  The  first 
series,  bearing  Svanberg*s  name,*  gives  simply  the  percent- 
age of  oxide  found,  as  follows : 

67.4030 
67.4036 
67.4043 
673956 


Mean,  67.4016,  dz  .0014 

The  second  series  is  by  Anderson,t  and  gives  the  weigh- 
ings upon  which  the  percentages  rest.  The  latter  come  out 
thus: 

5.19485  gnn.  PbN,0,  gave  3.5017  grm.  PbO.  67.4071  percent. 

9-7244  "  6.5546         "  67.4037       " 

9.2181  "  6.2134         "  67.4044 

9.6530  "  6.5057  "  67.3957       •* 


Mean,  67.4027,  ±:  .0016 

It  will  at  once  be  seen  that  these  series  are  identical ;  the 
discordance  between  the  first  figures  of  the  two  being  un- 
doubtedly due  to  some  misprint  in  the  weighings  of  the 
Anderson  set.  How  it  happens  that  the  same  work  has 
been  published  by  two  separate  authors  I  will  not  attempt 
to  explain ;  neither  will  I  undertake  to  determine  which  of 
the  two  is  really  entitled  to  credit. 

*  Joum,  fUr  Prakt.  Chem.,  27,  381.     1842. 
f  Ann.  Chim.  Phys.,  (3,)  9,  254.     1843. 
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We  have  now  seven  ratios  upon  which  to  base  our  com- 
putations : 

(i.)  Per  cent,  of  Pb  in  PbO,  92.8271,  =b  .0013 
(2.)  Per  cent,  of  PbO  in  PbN^O^,  67.4016,  dr  .0014 
(3.)  Pb  :  PbSO^  : :  100  :  146.4262,  db  .0023 
(4,)  PbO  :  PbSO^  : :  100  ;  135.804,  dc  .018 
(5.)  PbSO^  :  PbNjO,  : :  100  :  109.307,  zfc  .002 
(6.)   Pb  :  PbNjGj  : :  lOO  :  159.9704,  dr  .OOIO 
(7-)   Ag  :  PliCl,  : :  100  :  128.7266,  db  .013 

Discussing  these  separately,  we  get  an  equal  number  of 
values  for  the  atomic  weight  of  lead : 

From  (I) Pb  --  206.587,  ±z  .059 

"     (2) "  =207.046,^.041 

"     (3) "    -  206.435,  dz  .041 

"     (4) "   =207.131,  4=  .118 

"     (5)- —  "  =  204.803,  ±  .329 

"     (6)-- "  =  206.454,  ±  .037 

"     (7) -  "  =  206.473.  =i=  -042 


General  mean "  =  206.604,  :fc  '019 

If  O  =  16,  this  becofbes  Pb  =  207.079. 

In  the  above  discussion  are  included  several  values  which 
diverge  "widely  from  this  general  mean,  and  which,  for 
other  reasons,  are  probably  erroneous.  Although  but  one  of 
these  carries  much  weight,  it  is  as  well  to  exclude  them,  and 
to  base  our  computations  upon  the  others.  If,  now,  we 
reject  the  second,  fourth,  and  fifth  values,  we  get  for  the 
atomic'  weight  of  lead,  Pb  =  206.471,  ±:  .021.  If  0  =  16, 
this  becomes  Pb  =  206.946. 

From  the  synthesis  of  the  nitrate  Stas  found  206.918,  and 
from  the  sulphate,  206.934.  The  agreement  of  these  values 
with  our  own  general  mean  is  certainly  very  close. 
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FLUORINE. 

The  atomic  weight  of  fluorine  has  been  determined  only 
by  one  general  method,  namely,  by  the  conversion  of  flu- 
orides into  sulphates.  Excluding  the  early  results  of  Davy,* 
we  have  only  to  consider  the  experiments  of  Berzelius, 
Louyet,  Dumas,  and  DeLuca,  with  reference  to  the  fluorides 
of  calcium,  sodium,  potassium,  barium,  and  lead. 

The  ratio  between  calcium  fluoride  and  sulphate  has  been 
determined  by  the  four  investigators  above  named,  and  by 
one  general  process.  The  fluoride  is  treated  with  strong 
sulphuric  acid,  the  resulting  sulphate  is  ignited,  and  the 
product  weighed.  In  order  to  ensure  complete  transforma- 
tion special  precautions  are  necessary ;  such,  for  instance,  as 
repeated  treatment  with  sulphuric  acid,  and  so  on.  For 
details  like  these  the  original  papers  must  be  consulted. 

The  fiirst  experiments  in  chronological  order  are  those  of 
Berzelius, t  who  operated  upon  an  artificial  calcium  fluoride. 
He  found,  in  three  experiments,  for  one  part  of  fluoride  the 
following  of  sulphate : 

"•749 

1.750 
1.751 


Mean,  1.750,  db  .0004 

Louyet's  researches^  were  much  more  elaborate  than  the 
foregoing.  He  began  with  a  remarkably  concordant  series 
of  results  upon  fluor  spar,  in  which  one  gramme  of  the  flu- 
oride yielded  from  1.734  to  1.737  of  sulphate.  At  first  he 
regarded  these  as  accurate,  but  he  soon  found  that  particles 
of  spar  had  been  coated  with  sulphate,  and  had  therefore 
escaped  action.  In  the  following  series  this  source  of  error 
was  guarded  against. 


♦Phil.  Trans..  1814,64. 

t  Poggend.  Annal.,  8,  i.     1826. 

t  Ann.  Chim.  Phys.,  (3,)  25,  300.     1849. 
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Starting  with  fluor  spar,  Louyet  found  of  sulphate  as 

follows : 

1.742 

1.744 
1.745 
1.744 
1.7435 

«.7435 
Mean,  i.7437»  =fc  .oa>3 

A  second  series,  upon  artificial  fluoride,  gave : 

1.743 
1.741 
1.741 

Mean,  1.7417,  d=  .0004 

Dumas'^  published  but  one  result  for  calcium  fluoride. 
.495  grm.  gave  .864  grm.  sulphate,  the  ratio  being  1  :  1.7455. 

De  Liucat  worked  with  a  very  pure  fluor  spar,  and  pub- 
lished the  following  results.  The  ratio  between  CaS04  ^^^ 
one  gramme  of  CaF,  is  given  in  the  third  column : 

.9505  gnn.  CaF,  gave  1.630  grm.  CaSO^.  1. 75 18 

.836  "  1.459  "  1.7452 

.502  "  8755        "  1.7440 

.3985  "  .6945        "  1.7428 

If  we  include  Dumas'  single  result  with  these,  we  get  a 
mean  of  1.7459,  ±  .0011. 
Upon  combining  all  these  series,  we  get  as  follows : 

Berzelius i-7500,  ±:  .0004 

Louyet,  1st  series i-7437i  ±.0003 

"       2d     "     1-7417.  db  .CXX)4 

De  Luca  and  Dumas i'7459*  =b  .0011 

General  mean 1.74493,  =b  .0002 

For  the  ratio  between  the  two  sodium  salts  we  have  ex- 
periments by  Dumas  and  by  Louyet-J  According  to  Louyet 
one  gramme  of  NaF  gives  of  NajS04  • 

*  Ann.  Chem.  Pharm.,  113,  28.     i860, 
f  Compt.  Rend.,  51,  299.     i860. 
X  See  the  papers  already  quoted. 
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1.686 
1.683 
1.685 


Mean,  1.6847,  :i=  .0006 

The  weighings  published  by  Dumas  are  as  follows : 

•777  gnn.  NaF  give  1.312  gnn.  Na^SO^.      Ratio,  1.689 
1.737  "  2.930  "  «      1.687 


Mean,  1.688,  d=  .0007 

The  general  mean  of  both  series  is  1.6863,  ±:  .0004. 

Dumas  also  gives  experiments  upon  potassium  fluoride. 
The  quantity  of  sulphate  formed  from  one  gramme  of  flu- 
oride is  given  in  the  last  column : 

1.483  gnn.  KFgive  2.225  S^n-  K^Of.  1.5002 

1.309  "  1.961  "  1-49^* 


Mean,  1.4991,  dr  .0007 

The  ratios  for  the  fluorides  of  lead  and  of  barium  are  due 
entirely  to  Louyet.    One  gramme  BaF,  gave  of  BaS04 ' 

1.332 

I-33I 

1-330 


Mean,  I.331,  ±:  .0004 

With  the  lead  fluoride  a  new  method  of  treatment  was 
adopted.  The  salt  was  fused,  powdered,  dissolved  in  nitric 
acid,  and  precipitated  by  dilute  sulphuric  acid.  The  evap- 
oration  of  the  fluid  and  the  ignition  of  the  sulphate  was 
then  effected  without  transfer.  Five  grammes  of  fluoride 
were  taken  in  each  operation,  yielding  of  sulphate : 

6.179 
6.178 
6.178 


Mean,  6.1783,  di  .0002 

We  now  have  five  ratios  to  calculate  from,  as  follows 


/ 
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(I.)  CaF,  :  CaSO^  : :  i.o  :  1.74493,  dz  .0002 
(2.)  NaF  :  Na^SO^  : :  1.0  :  1.6863,  dt  .0004 
(3.)  KF  :  KjSO^  : :  1.0  :  1.4991,  d=  .0007 
(4.)  BaF,  :  BaSO^  : :  i.o  :  I.3310,  d=  .0004 
(5.)   PbF,  :  PbSO^  : :  5.0  :*6.I783,  =b  .O0O2 

From  these  we  get  five  values  for  F : 

From  (i) F  =  18.926,  d=  .009 

(2) "  =  19.050,  ±  .014 

(3) "  =  18.975,  =fc  .032 

(4) "  =  18.993.  =fc  -033 

(5) "  =-  19.092,4=  .016 


Genend  mean **  =  18.984,  d=  .0065 

If  O  =  16,  this  becomes  19.027. 

Before  leaving  the  subject  of  fluorine  we  must  notice  two 
possible  sources  of  error  beyond  the  always  to  be  considered 
one  of  impurities  in  the  materials  employed.    First,  an  in- 
complete conversion  of  a  fluoride  into  a  sulphate  would  lead 
to  results  tending  to  raise  the  atomic  weight  of  fluorine. 
On  the  other  hand,  the  value  for  fluorine  which  has  most 
weight  is  that  derived  from  calcium  fluoride.     But  it  was 
shown  under  calcium  that  the  atomic  weight  determined  for 
that  metal  was  probably  a  trifle  too  high.    This  error,  intro- 
duced into  our  fluorine  calculations,  tends  to  lower  our  final 
results.      These  two  errors,  then,  if  they  really  exist,  will,  in 
part  at  leasts  compensate  each  other. 


6 


\ 
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PHOSPHORUS. 

The  material  from  which  we  are  to  calculate  the  atomic 
weight  of  phosphorus  is  by  ho  means  abundant.  Berzelius, 
in  his  Lehrbuch,^  adduces  only  his  own  experiments  upon 
the  precipitation  of  gold  by  phosphorus,  and  ignores  all  the 
earlier  work  relating  to  the  composition  of  the  phosphates. 
These  experiments  we  will  consider  with  reference  to  gold. 

Pelouze,t  in  a  single  titration  of  phosphorus  trichloride 
with  a  standard  solution  of  silver,  obtained  a  wholly  erro- 
neous result ;  and  Jacquelain,|  in  his  similar  experiments, 
did  even  worse.  Schrotter's  criticism  upon  Jacquelain  suf- 
ficiently disposes  of  the  latter.|| 

There  are,  in  short,  but  two  investigations  upon  the 
atomic  weight  of  phosphorus  which  have  any  value  for 
present  purposes,  namely,  the  researches  of  Schrotter  and  of 
Dumas.  These  chemists  worked  with  different  materials 
and  by  different  methods,  and  yet  obtained  beautifully  con- 
cordant results.  , 

Schrotter§  burned  pure  amorphous  phosphorus  in  dry 

oxygen,  and  weighed  the  pentoxide  thus  formed.      One 

gramme  of  P  yielded  P^Os  in  the  following  proportions  : 

2.28909 
2.28783 
2.29300 
2.28831 
2.29040 
2.28788 
2.28848 
2.28856 
2.28959 
2.28872 

Mean,  2.289186,  dc  .00033 

Hence  P  =  30.9562,  ±  .0074. 

*  5th  Ed.,  Ii88. 

f  Compt.  Rend.,  20,  1047. 

X  Compt.  Rend.,  ;^^,  693. 

jl  Journ.  filr  Prakt.  Chem.,  57,  315. 

i  Journ.  fUr  Prakt.  Chem.,  53,  435.     185 1. 
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Dumas*  prepared  pure  phosphorus  trichloride  by  the 
action  of  dry  chlorine  upon  red  phosphorus.  The  portion 
used  in  his  experiments  boiled  between  76°  and  78°.  This 
was  titrated  with  a  standard  solution  of  silver  in  the  usual 
manner.  Dumas  publishes  weights,  from  which  I  calculate 
the  figm^es  given  in  the  third  column,  representing  the 
quantity  of  trichloride  proportional  to  100  parts  of  silver : 

1.787  grm.  PCI,  =  4.208  grm.  Ag.  42.4667 

1.466  "  3.454        "  42.i?35 

2.056  ••  4.844        "  42.4443 

2.925  *<  6.890        *'  42.4528 

3.220  "  7.582        "  42.4690 

Mean,  42-4553.  =*=  •<»36 

Hence  P  =  31.0314,  ±  .0467. 

Now,  combining  these  two  values,  we  have : 

By  Schr6tter P  =  30.9562,  db  .0074 

By  Dumas "  =  31.0314,  i  .0467 

General  mean " '=  30.9580,  zfc  .0073 

If  O  =  16,  this  becomes  31.0292. 

The  fact  here  noticeable,  that  Dumas'  figures  give  a  value 
for  P  slightly  higher  than  that  deduced  from  those  of 
Schrotter,  may  be  accounted  for  upon  the  supposition  that 
the  phosphorus  trichloride  contained  traces  of  oxychloride. 
Such  an  impurity  would  tend  to  raise  the  apparent  atomic 
weight  of  phosphorus,  and  its  occurrence  is  by  no  means 
improbable. 

*  Ami.  Chem.  Phann.,  113,  29.     i860. 
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BORON. 

The  atomic  weight  of  this  element  has  been  determined 
by  Berzelius  and  by  Laurent,  and  calculated  by  Dumas 
from  some  experiments  by  Deville. 

Berzelius^  based  his  determination  upon  three  concordant 
estimations  of  the  percentage  of  water  in  borax.  Lauren tf 
made  use  of  two  similar  estimations,  and  all  five  may  be 
properly  put  in  one  series,  thus : 


-  Berzelius. 


47.10 
47.10 
47.10 

^^"^1  Laurent 


Mean,  47.  "3i  =t  -OIS 

Hence  B  =  10.943,  ±  .023. 

Dumas't  calculations  were  based  on  Deville's  analyses  of 
the  chloride  and  bromide  of  boron,  which  give  the  ratios 
between  AgCl  and  BCI3,  and  between  AgBr  and  BBt^.  Re* 
ducing  the  weighings  to  a  common  standard,  100  parts  of 
silver  chloride  correspond  to  the  quantities  of  boron  tri- 
chloride given  in  the  tjiird  column  : 

.6763  grm.  BClj  =  2.447  gnn.  AgCl.  27.303 

.923  "  3-395  "  27.187 


Mean,  27.245,  ±  .0^9 

Hence  B  =  10.808,  db  .174. 

With  the  bromide,  2.446  BBr,  gave  5.496  AgBr.  If  we 
assign  this  experiment  equal  weight  with  one  in  the  chlo- 
ride series,  and  include  the  probable  error  of  Br,  B  = 
10.964,  ±  .364. 

The  three  values  combine  as  follows : 


*  Poggend.  Annal.,  8,  i.     1826. 

f  Joum.  nir  Prakt  Chem.,  47,  415.     1849. 

I  Ann.  Chem.  Fhaim.,  113,  31.     i860. 


SILICON.  85 

From  borax B  =  10.943,  ±  .023 

From  BO, "  =  10.S08,  db  .174 

From  BBr, "  =  10.964,  di  .364 

General  mean **  =  10.941,  :^  .023 

If  O  =  16,  B  =  10.968. 

Further  investigation  of  the  atomic  weight  of  boron  is 
evidently  desirable. 


SILICON. 


Although  Berzelius*  attempted  to  ascertain  the  atomic 
weight  of  silicon,  first  by  converting  pure  Si  into  SiO,,  and 
later  from  the  analysis  of  BaSiF^,  his  results  were  not  satis- 
factory. We  need  only  consider  the  estimations  of  Pelouze, 
Schiel,  and  Dumas. 

Pelouze, t  experimenting  upon  silicon  tetrachloride,  em- 
ployed his  usual  method  of  titration  with  a  solution  con- 
taining a  known  weight  of  silver.  One  hundred  parts  of 
Ag  gave  the  following  equivalencies  of  SiCl^ : 

394325 
394570 


Mean,  39.4447.  ±  .0083 

Hence  Si  =  28.408. 

Essentially  the  same  method  was  adopted  by  Dumas.t 
Pure  SiCl4  was  weighed  in  a  sealed  glass  bulb,  then  decom- 
posed by  water,  and  titrated.  The  results  for  100  Ag  are 
given  in  the  third  column : 

2.899  gnn.  Sia4=  73558  gnn.  Ag.  39-4" 

i.24«  "  3-154         "  39-379 

3.MJ  "  8.1875        "  39340 

Mean.  39.377,  ±  .014 

Hence  Si  =  28.117. 


*  Lehrbuch,  5  Aufl.,  3,  1200. 

f  Compt  Rend.,  20,  1047.     1845. 

X  Ann.  Chem.  Pharm.,  113,  31.     i860. 
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Dumas  and  Pelouze's  series  combine  as  follows : 

Pelouze ,- 39-4447>  ±  -0083 

Dumas 39-377.    ± -014 

Genendmean 39.42651:^.0071 

Hence  SiCl,  =  169.810,  zb  .034. 

Schiel,*  also  studying  the  chloride  of  silicon,  decomposed 
,  it  by  ammonia.  After  warming  and  long  standing  it  was 
filtered,  and  in  the  filtrate  the  chlorine  was  estimated  as 
AgCl.  One  hundred  parts  of  AgCl  correspond  to  the  quan- 
tities of  SiCl4  given  in  the  last  column : 

.6738  grm.  SiCl^  gave  2.277  gnn.  AgCl.  29.592 

1.3092  "  4-4'8  "  29.633 

Mean,  29.6125,  db  .0138 

Hence  SiCl,  =  169.437,  ±  .080,  and  Si  =  27.957. 
Combining  the  values  for  SiCl4  we  have  this  result : 

Pelouze  and  Dumas SiCl^  =  169.810,  d=  .034 

Schiel "     =  169.437,  d=  .080 

General  mean ««    =  169.675,  ±  .031 

Hence  Si  =  28.195,  ±  .066 ;  or,  if  0  =  16,  Si  =  28.260. 

It  will  he  observed  that  all  of  these  determinations  rest 
upon  the  composition  of  SiCl^,  a  compound  for  which  it 
would  not  be  easy  to  guarantee  absolute  purity.  All  the 
errors  likely  to  occur  in  the  determination  of  the  atomic 
weight  would  be  plus  errors,  so  that  the  value  deduced 
above  is  almost  certainly  too  high. 

*  Ann.  Chem.  Pharm.,  120,  94. 
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LITHIUM. 

The  earlier  determinations  of  the  atomic  weight  of  lithium 
by  Arfvedson,  Stromeyer,  C.  G.  Gmelin,  and  Kralovanzky 
j^exe  all  erroneous,  because  of  the  presence  of  sodium  com- 
pounds in  the  material  employed.  The  results  of  Berzelius, 
Hagen,  and  Hermann  were  also  incorrect,  and  need  no 
further  notice  here.  The  only  investigations  which  we  need 
to  consider  are  those  of  Mallet,  Diehl,  Troost,  and  Stas. 

Mallet's  experiments*  were  conducted  upon  lithium  chlo- 
ride, which  had  been  purified  as  completely  as  possible.  In 
two  trials  the  chloride  was  precipitated  by  nitrate  of  silver, 
which  was  collected  upon  a  filter  and  estimated  in  the  ordi- 
nary way.  The  figures  in  the  third  column  represent  the 
LiCl  proportional  to  100  parts  of  AgCl : 

7.1885  gnn.  LiCl  gave  24.3086  grm.  AgCl.  29.606 

8-5947  "  29.0621  "  29.574 

In  a  third  experiment  the  LiCl  was  titrated  with  a  standard 
solution  of  silver.  3.9942  grm.  LiCl  balanced  10.1702  grm. 
Ag,  equivalent  to  13.511  grm.  AgCl.  Hence  100  AgCl  = 
29.563  LiCl.    Mean  of  all  three  experiments,  29.581,  ±  .0087. 

Diehl,t  whose  paper  begins  with  a  good  resum6  of  all  the 
earlier  determinations,  describes  experiments  made  with 
lithium  carbonate.  This  salt,  which  was  spectroscopically 
pure,  was  dried  at  130°  before  weighing.  It  was  then 
placed  in  an  apparatus  from  which  the  carbon  dioxide  gen- 
erated by  the  action  of  pure  sulphuric  acid  upon  it  could 
be  expelled,  and  the  loss  of  weight  determined.  From  this 
loss  the  following  percentages  of  COj  in  LijCO,  were  deter- 
mined: 

59.422 

59-404 
59.440 

59.401 


Mean,  59.417,  db  .006 


*Sillnnan's  Amer.  Journal,  November,  1856.     Chem.  Gazette,  15,  7. 
f  Ann.  Chcm.  Pharm.,  121,93. 
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Diehl's  investigation  was  quickly  followed  by  a  confirma- 
tion from  Troost.*  This  chemist,  in  an  earlier  paper,t  had 
sought  to  fix  the  atomic  weight  of  lithium  by  an  analysis 
of  the  sulphate,  and  had  found  a  value  not  far  from  6.5; 
thus  confirming  the  results  of  Berzelius  and  of  Hagen,  who 
had  employed  the  same  method.  But  Diehl  showed  that 
the  BaS04  precipitated  from  Li^SO^  always  retained  traces 
of  Li,  which  were  recognizable  by  spectral  analysis,  and 
which  accounted  for  the  error.  In  the  later  paper  Troosc 
made  use  of  the  chloride  and  the  carbonate  of  lithium,  boti 
spectroscopically  pure.  The  carbonate  was  strongly  ignit«d 
with  pure  quartz  powder,  thus  losing  carbon  dioxide,  which 
loss  was  easily  estimated.  The  subjoined  results  were  ob- 
tained: 

.970  grm.  Li,CO,  lost    .577  grm.  CO,.  59*4^5  P^r  cent. 

1,782  "  1.059         "  59*427       " 


Mean,  59.456,  ±z  .020 

This  combined  with  Diehl's  mean,  59.417,  dz  .006,  gives  a 
general  mean  of  59.420,  dr  .0057. 

The  lithium  chloride  employed  by  Troost  was  heated  in 
a  stream  of  dry  hydrochloric  acid  gas ;  of  which  the  excess, 
after  cooling,  was  expelled  by  a  current  of  dry  air.  The 
salt  was  weighed  in  the  same  tube  in  which  the  foregoing 
operations  had  been  performed,  and  the  chlorine  was  then 
estimated  as  silver  chloride.  The  usual  ratio  between  LiCl 
and  100  parts  of  AgCl  is  given  in  the  third  column : 

1.309  grm.  LiO  gave  4.420  grm.  AgCI.  29.615 

2.750  "  9»300  "  29.570 


Mean,  29.5925,  dr  .0145 

This  combined  with  Mallet's  mean,  29.581,  ±  .0087.  gives 
a  general  mean  of  59.584,  ±:  .0075. 

Finally,  we  come  to  the  work  of  Stas,t  which  was  exe- 

*  Zeit.  Anal.  Chem.,  i,  402. 

f  Annales  d.  Chim.  et  d.  Phys.,  51,  108. 

%  Aronstein's  Translation,  279-302. 
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cuted  with  his  usual  wonderful  accuracy.  In  three  titra- 
tions, in  which  all  the  weights  were  reduced  to  a  vacuum 
standard,  the  following  quantities  of  LiCl  balanced  100 
parts  of  pure  silver : 

39.356 

39-357 
39-361 

Mean,  39.358,  ±  .001 

In  a  second  series  of  experiments,  intended  for  determin- 
ing the  atomic  weight  of  nitrogen,  LiCl  was  converted  into 
LiNOj-  The  method  was  that  employed  for  a  similar  pur- 
pose with  the  chlorides  of  sodium  and  of  potassium.  One 
hundred  parts  of  LiCl  gave  of  LiNOg : 

162.588 
162.600 
162.598 

Mean,  162,5953,  i  .0025 

We  have  now  the  following  ratios  from  which  to  deduce 
the  atomic  weight  of  lithium : 

(i.)  AgCl  :  LiCl : :  100  :  29.584,  db  .0075 

(2.)  Ag  :  LiCl  : :  100  :  39.358,  ±  .ooi 

(3.)  LiCl  :  LiNOj  : :  100  :  162.5953,  ±  -00^5 

(4.)  Per  cent,  of  CO,  in  LijCOj,  59.420,  zt  .0057 

Hence  two  values  for  the  molecular  weight  of  LiCl : 

From  (i) LiCl  =  42.3187,  ±  .0039 

From  (2) "     =  42.3787,  ±r  .0111 

General  mean "     =  42.3720,  d=  .0037 

For  lithium  itself  we  get  three  values : 

From  molecular  weight  of  LiCl Li  =  7.002,    zk  •015 

From  ratio  (3) "  =  7.0287,  db  .042 

From  ratio  (4) "  =  7.0085,  db  .008 

General  mean "  =  7.0073,  zfc  .007 

If  O  =  16,  then  Li  =  7.0235.  Stas  himself  gives  7.022 
as  his  determination.    Difference,  .0015. 
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RUBIDIUM. 

The  atomic  weight  of  rubidium  has  been  determined  by 
Bunsen,  Piccard,  and  Grodeffroy ;  but  only  from  analyses  of 
the  chloride. 

Bunsen,*  employing  ordinary  gravimetric  methods,  esti- 
mated the  ratio  between  AgCl  and  RbCl.  His  rubidium 
chloride  was  purified  by  fractional  crystallization  of  the 
chloroplatinate.  He  obtained  the  following  results,  to  which, 
in  a  third  column,  I  add  the  ratio  between  RbCl  and  100 
parts  of  AgCl : 

One  gim.  RbCl  gave  1.1873  grm.  AgCI.  ^-22$ 

1. 1873  "  84.225 

1.1850  "  84.388 

i.i88o  "  84.175 


« 
<« 


Mean,  84.253,  d=  .031 

The  work  of  Piccardf  was  similar  to  that  of  Bunsen.  In 
weighing,  the  crucible  containing  the  silver  chloride  was 
balanced  by  a  precisely  similar  crucible,  in  order  to  avoid 
the  correction  for  displacement  of  air.  The  filter  was 
burned  separately  from  the  AgCl,  as  usual ;  but  the  small 
amount  of  material  adhering  to  the  ash  was  reckoned  as 
metallic  silver.  The  rubidium  chloride  was  purified  by 
Bunsen's  method.  The  results,  expressed  according  to  the 
foregoing  standard,  are  as  follows : 

1. 1587  grm.  Rb€l  =  1.372  AgCI  +  .0019  Ag.  84.300 

1.4055  "            1.6632     "        .0030  "  84.303 

1. 001  "            1. 1850     "        .0024  "  84.245 

I.SHI  "            1.7934     "        .0018  "  84.313 

Mean,  84.290,  db  .0105 

Grodeffroy ,t  starting  with  material  containing  both  ru- 
bidium and  csesium,  separated  the  two  metals  by  fractional 

*Zeit.  Anal.  Chem.,  i,  136.     Poggend.  Annal.,  113,339.     1861. 

f  Joutn.  fUr  Prakt.  Chem.,  86,  454.    1862.     Zeit.  Anal.  Chem.,  i,  518. 

X  Ann.  Chem.  Fhann.,  181,  185.     1876. 
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crystallization  of  their  alums,  and  obtained  salts  of  each 
spectroscopically  pure.  The  nitric  acid  employed  was  tested 
for  chlorine  and  found  to  be  free  from  that  impurity,  and 
the  weights  used  were  especially  verified.  In  two  of  his 
analyses  of  RbCl  the  AgCl  was  handled  by  the  ordinary 
process  of  filtration.  In  the  other  two  it  was  washed  by 
decantation,  dried,  and  weighed  in  a  glass  dish.  The  usual 
ratio  is  appended  in  the  third  column  : 

1.4055  gnn.  RbCl  gave  1.6665  grm.  AgCl.  84.338 

1.8096  "  2. 146 1  "  84.320 

2.2473  "  2.665  "  84.326 

2.273  "  2.6946  "  84.354 


Mean,  84.3345,  =b  .0051 

Combining  the  three  series,  we  get  the  following  result : 

Bunsen 84.253,    ±.031  Rb  =  85.150 

Piccard 84.290,    d:  .0105  «   =85.203 

Godeffroy 84.3345,^.0051  "   =85.263 


General  mean...  84.324,    ±:  .0045 

Hence  Rb  =  85.251,  ±  .018.    If  0  =  16,  Rb  =  85.529. 


CiESIUM. 

The  atomic  weight  of  caesium,  like  that  of  rubidium,  has 
been  determined  from  the  analysis  of  the  chloride.  The 
earliest  determination,  by  Bunsen,"*"  was  incorrect,  because 
of  impurity  in  the  material  employed. 

In  1863  Johnson  and  Allen  published  their  results.t 
Their  material  was  extracted  from  the  lepidolite  of  Hebron, 
Maine,  and  the  caesium  was  separated  from  the  rubidium  as 
bitartrate.  From  the  pure  caesium  bitartrate  caesium  chlo- 
ride was  prepared,  and  in  this  the  chlorine  was  estimated  as 


*Zeit.  Anal.  Chem.,  i,  137. 

f  Amer.  Joam.  Sci.  and  Arts,  (2,)  35*  94. 
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silver  chloride  by  the  usual  gravimetric  method.  Reducing 
their  results  to  the  convenient  standard  adopted  in  preced- 
ing chapters,  we  have,  in  a  third  column,  the  quantities  of 
CsCl  equivalent  to  100  parts  of  AgCl : 

'•8371  gnn.  CsCI  gave  1.5634  grm.  AgCl.  117.507 

2.1295  "  1.8111  "  117.580 

2.7018  "  2.2992         "  117-511 

1. 56165  •»  1.3302         "  117-399 


Mean,  117.499*  ±    025 

Shortly  after  the  results  of  Johnson  and  Allen  appeared 
a  new  series  of  estimations  was  published  by  Bunsen.*  His 
cffisium  chloride  was  purified  by  repeated  crystallizations  of 
the  chloroplatinate,  and  the  ordinary  gravimetric  process 
was  employed.  The  following  results  represent,  respectively, 
material  thrice,  four  times,  and  five  times  purified : 

1.3835  grm.  CsCl  gave  1.1781  grm.  AgCI.     Ratio,  117.435 
1.3682  "  1. 1644         "  117-503 

1.2478  "  1.0623  "  117.462 


Mean,  117.467,  i  .013 

Godeffroy's  workf  was,  in  its  details  of  manipulation,  suf- 
ficiently described  under  rubidium.  In  three  of  the  experi- 
ments upon  cfiBsium  the  silver  chloride  was  washed  by 
decantation,  and  in  one  it  was  collected  upon  a  filter.  The 
results  are  subjoined : 

r. 5825  grm.  CsCl  gave  1.35 1    grm.  AgCl.  Ratio,  117. 135 

1.3487             "              1.1501          "  117.265 

1. 1880             "              1.0141          "  117.148 

1.2309             "              1. 051            "  117.107 


Mean,  117. 164,  =h  .023 

We  may  now  combine  the  three  series  to  form  a  general 
mean: 


*  Fbggend.  Annal.,  119,  i.  1863. 

f  Ann.  Chem.  Pharm.,  181,  185.  1876. 
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Johnson  and  Allen 117.499,  ^  '^^S  ^  =  132.706 

Bnnsen 117.467,  ±  .013  "  =  132.661 

Godeffiroy 1 17.164,  d=  .023  "  =  132.227 


General  mean 1 17.413,  db  .010 

Hence  Os  =  132.583,  ±  .024 ;  or,  if  0  =  16,  Cs  =  132.918. 


THALLIUM. 


The  atomic  weight  of  this  interesting  metal  has  been 
fixed  by  the  researches  of  Lamy,  Werther,  Hebberling,  and 
Crookes.  Lamy  and  Hebberling  investigated  the  chloride 
and  sulphate ;  Werther  studied  the  iodide ;  Crooke's  experi- 
ments involved  the  synthesis  of  the  nitrate.  The  last  men- 
tioned work  was  so  thorough  and  admirable  that  the  other 
researches  are  included  here  only  for  the  sake  of  historical 
completeness. 

Lamy*  gives  the  results  of  one  analysis  of  thallium 
sulphate  and  three  of  thallium  chloride.  3.423  grammes 
T1,S04  gave  1.578  grm.  BaS04;  whence  100  parts  of  the 
latter  are  equivalent  to  216.920  of  the  former.  In  the  thal- 
hum  chloride  the  chlorine  was  estimated  as  silver  chloride. 
The  following  results  were  obtained.  In  the  third  column  I 
give  the  amount  of  TlCl  proportional  to  100  parts  of  AgCl : 

3.912  gjrm.  TlCl  gave  2.346    grm.  AgCl.  166.752 

3.000  "  1.8015  "  166.528 

3.912  "  2.336  "  167.466 


Mean,  166.915,  dti  •1905 

Hebberling'sf  work  resembles  that  of  Lamy.  Reducing 
his  weighings  to  the  standards  adopted  above,  we  have  from 
his  sulphate  series,  as  equivalent  to  100  parts  of  BaS04,  ^h© 
amounts  of  TljSO^  given  in  the  third  column: 


*  Zeit.  Anal.  Chem.,  2,  211.     1863. 
t  Ann.  Chem.  Pharm.,  134,  11.     1865. 
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1.4195  gnn.  Tl^SO^gave  .6534  gnn.  BaSO«.  217.248 

1. 1924  "  .5507  "  216.524 

.8560  "        •       .3957  "  216.325 

Mean,  216.699 

Including  Lamy's  single  result,  83  of  equal  weight,  we  get 
a  mean  of  216.754.  ±  .1387. 

From  the  chloride  series  we  have  these  results,  with  the 
ratio  stated  as  usual : 

.2984  grm.  TIQ  gave  .1791  grm.  AgCl.  166.61 1 

.5452  "  .3278  "  166.321 


Mean,  166.465,  ±:  .097 

Lamy*s  mean  was  166.915,  zb  .1905.    Both  means  com- 

_    _    _  _  • 

bined  give  a  general  mean  of  166.555,  ±  .0865. 

Werther's*  determinations  of  iodine  in  thallium  iodide 
were  made  by  two  methods.  In  the  first  series  Til  was  de- 
composed by  zinc  and  potassium  hydroxide,  and  in  the 
filtrate  the  iodine  was  estimated  as  Agl.  One  hundred 
parts  of  Agl  correspond  to  the  amounts  of  Til  given  in  the 
last  column : 


.720  gim.  Til 

gave 

.51  grm 

.Agl. 

141. 176 

2.072             " 

1.472 

41 

140.761 

.960             " 

.679 

t* 

141.384 

.385 

.273 

(« 

141.026 

1.068 

.759 

« 

140.71  I 

Mean,  141.012,  dr  .085 

In  the  second  series  the  thallium  iodide  was  decomposed 
by  ammonia  in  presence  of  silver  nitrate,  and  the  resulting 
Agl  was  weighed.  Expressed  according  to  the  foregoing 
standard  the  results  are  as  follows  : 

*'37S  gr™*  Til  gave     .978  grm.  Agl.       Ratio,  140.593 
1.540  **  1-095  "  140.639 

1.380  "  .981  **  140.673 

Mean,  140.635,  d=  .016 

General  mean  of.  both  series,  140.648,  ±:  .016. 


*  Journ.  fUr  Prakt.  Chem.,  92,  128.  1864. 
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.     Fi-om  the  foregoing  results  three  values  for  the  atomic 
weight  of  thallium  are  calculable : 

From  the  sulphate Tl  =  204.169,  d=  .166 

From  the  chloride "  =  203.879,  ±:  .126 

From  the  iodide "  =  203.886,  ±  .054 

In  1873  CrQokes,*  the  discoverer  of  thallium,  published 
his  final  determination  of  its  atomic  weight.  His  method 
was  to  effect  the  synthesis  of  thallium  nitrate  from  weighed 
quantities  from  absolutely  pure  thallium.  No  precaution 
necessary  to  ensure  purity  of  materials  was  neglected ;  the 
balances  were  constructed  especially  for  the  research ;  the 
,  weights  were  accurately  tested  and  all  their  errors  ascer- 
tained ;  weighings  were  made  partly  in  air  and  partly  in 
vacuo,  but  all  were  reduced  to  absolute  standards ;  and  un- 
usually large  quantities  of  thallium  were  employed  in  each 
experiment.  In  short,  no  effort  was  spared  to  attain  as 
nearly  as  possible  absolute  precision  of  results.  The  details 
of  the  investigation  are  too  voluminous,  however,  to  be  cited 
here ;  the  reader  who  wishes  to  become  familiar  with  them 
must  consult  the  original  memoir.  Suffice  it  to  say  that  the 
research  is  a  model  which  other  chemists  will  do  well  to 
copy. 

The  results  of  ten  experiments  by  Professor  Crookes  may 
be  stated  as  follows.  In  a  final  column  we  may  state  the 
quantity  of  nitrate  producible  from  100  parts  of  thallium. 
The  weights  given  are  in  grains : 

TkaUium.  TINO^  -f  Glass,  Glass  Vessel,  Ratio. 

497.972995  1121.851852  472.S573»9  UO.3875 

293193507  nil. 387014  729.082713  130.3930 

288.562777  971.214142  594949719  130-3926 

524.963740  1 142.569408  718.849078  130.3900 

183.790232  1005.779897  766.133831  130.39^2 

»90.842532  997334615  748.491271  130.3920 

«95.S44324  1022. 176679  767.203451  130.3915 

20i.8i63>j5  1013.480135  750.332401  130.3897 

295.683523  1153-947672  768.403621  130.3908 

299.203036  1159-870052  769,734201  130.3917 

Mean,  130.3910,  d:  .00034 
*  Philosophical  Transactions,  1873,  P*  277. 
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Hence,  using  the  atomic  weights  and  probable  errors 
previously  found  for  N  and  0,  Tl  =  203.715,  ±  .0365.  If 
O  =  16,  Tl  =  204.183. 

Crookes  himself,  using  61.889  as  the  molecular  weight  of 
the  group  NO,,  gets  the  value  Tl  =  203.642;  the  lowest 
value  in  the  series  being  203.628,  and  the  highest  203.666 ; 
an  extreme  variation  of  0.038.  This  is  extraordinary  ac- 
curacy for  so  high  an  atomic  weight,  at  least  as  far  as 
Crookes'  work  is  concerned.  But  its  value  depends  in  reality 
upon  the  accuracy  of  gther  chemists  in  fixing  the  atomic 
weights  of  N  and  0 ;  a  slight  variation  in  either  of  the 
latter  constants  producing  a  large  variation  here.  What 
Crookes  really  has  done  has  been  to  fix  with  almost  abso- 
lute certainty  the  ratio  between  Tl  and  NO,.  If  the  latter 
group  should  have  the  molecular  weight  62,  in  accordance 
with  Front's  hypothesis,  then  Tl  =  204.008.  In  other 
words,  the  ratio  thus  fixed  by  Crookes  is  almost  exactly 
represented  by  two  whole  numbers,  and  supports  Front's 
hypothesis  in  a  very  decided  way.  Crookes  himself  seems 
to  have  overlooked  this  fact,  for  he  regards  his  results  as 
militating  against  the  hypothesis  in  question. 


GLUCINUM. 


The  atomic  weight  of  glucinum  is  at  present  much  in 
doubt;  our  knowledge  of  it  depending  upon  the  unsettled 
question  whether  the  oxide  is  GHIO  or  G1,0,.  The  formula 
GIO  agrees  with  Mendelejeff 's  law,  and  is  advocated  by 
Reynolds,*  Lothar  Meyer,t  and  Brauner.t  The  symbol 
GI2O3,  on  the  other  hand,  is  favored  by  Nilson  and  Fetters- 
son,||  and  by  Humpidge.§    Humpidge,  Meyer,  and  Brauner 

*  Phil.  Mag.,  (5,)  3,  38.     1877.     Chem.  News,  42,  273.     1880. 

fBer.  der  Deutsch.  Chem.  Gesell.,  13,  1780.     1880.     Also,  11,  576.     1879. 

JPhil.  Mag.,  (s,)  II.     Jan.,  1881. 

II  Berichte,  11,  381  and  906.     1879.     Also,  13,  2035.     1880. 

2  Chem.  News,  42,  26 1 .     1 880. 
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offer  only  theoretical  discussions  of  the  subject ;  Reynolds 
and  Nilson  and  Pettersson  have  determined  the  specific 
heat  of  the  metal,  but  give  opposed  results.  In  the  follow- 
ing calculations  the  simpler  formula  will  be  assumed,  not  as 
a  finality,  but  because  of  its  accordance  with  the  system  of 
Mendelejeff. 

The  data  from  which  we  are  to  calculate  the  atomic 
weight  of  glucinum  have  been  determined  by  Awdejew, 
Weeren,  Klatzo,  Debray,  and  Nilson  and  Pettersson.  Ber- 
zelius'*  single  experiment  on  the  sulphate  may  be  left  out 
of  account. 

Awdejew,t  whose  determination  was  the  earliest  of  any  ' 
value,  analyzed  the  sulphate.  The  sulphuric  acid  was 
throwu  down  as  barium  sulphate;  and  in  the  filtrate,  from 
which  the  excess  of  barium  had  been  first  removed,  the 
glucina  was  precipitated  by  ammonia.  The  figures  which 
Awdejew  publishes  represent  the  ratio  between  SO  a  and 
610,  but  not  absolute  weights.  As,  however,  his  calcula- 
tions were  made  with  SO3  =  501.165,  and  Ba  probably  = 
855.29,  we  may  add  a  third  column  showing  how  much 
BaSO^  is  proportional  to  100  parts  of  GIO : 


50,. 

GIO. 

Ratio, 

4457 

1406 

921.242 

453« 

1420 

927.304 

7816 

2460 

915.903 

128S0 

4065 

920.814 

Mean,  921.316,  dz  1-577 

The  same  method  was  followed  by  Weeren  and  by  Klatzo, 
except  that  Weeren  used  ammonium  sulphide  instead  of 
ammonia  for  the  precipitation  of  the  glucina.  Weeren^ 
pves  the  following  weights  of  GIO  and  BaS04.  The  ratio 
is  given  in  a  third  column,  just  as  with  the  figures  by 
Awdejew : 


*Poggend.  Annal.,  8,  i. 

f  <'  56,  106.     1842. 

t  "  92,  124.     1854. 
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GIO,  BaSO^,  Ratio. 

.3163  gnn.  2.9332  gnn.  927.031 

.2872    "  2.6377    "  918.419 

.2954    ««  2.7342    »*  925-592 

.5284    "  4.8823    "  902.946 

Mean,  918.497,  d=  3*624 

Klatzo's'*'  figures  are  as  follows,  with  the  third  column 
added  by  the  writer : 

GIO,  BaSO^,  Ratio, 

.2339  grm.  2.1520  grm.'  920.052 

.1910    "  '•7556    "  919.162 

.2673    "  2.4872    "  930.490 

•3585    "  3-3"5    "  923-710 

.2800    "  2.5842    **  922.989 

Mean,  923.281,  rb  1.346 

Combining  these  series  into  a  general  mean,  we  get  the 
subjoined  result  : 

Awdejew 921.316,  rfc  1-577 

Weeren 918.497,  ±:  3.624 

Klatzo 923.281,  db  1.346 

General  mean 922.164,  ih  0.985 

Hence  GIO  =  25.224,  dz  .269. 

Debrayt  analyzed  a  double  oxalate  of  glucinum  and  am- 
monium, G1(NH4)2C408.  In  this  the  glucina  was  estimated 
by  calcination,  after  first  converting  the  salt  into  nitrate. 
The  following  percentages  were  found : 

11.5 
II. 2 

II. 6 
Mean,  11.433,  =b  .081 

The  carbon  was  estimated  by  an  organic  combustion.  I 
give  the  weights,  and  put  in  a  third  column  the  percentages 
of  CO,  thus  obtained: 

*  Zeitschrift  fUr  Anal.  Chem.,  8,  523.     1869. 
f  Ann.  de  Chim.  et  de  Phys.,  (3,)  44,  37.     1855. 
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Salt, 

CO^, 

Per  cent,  CO^, 

600  gnn. 

.477  grm. 

79- 500 

603    " 

.478    " 

79.270 

600    ** 

.  .477    " 

79.500 

Mean,  79.423,  db  .052 
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CSalculating  the  ratio  between  CO,  and  GIO,  we  have  for 
the  molecular  weight  of  the  latter,  GIO  =  26.220,  ±  .180. 
The  agreement  between  this  result  and  the  one  previously 
deduced  from  the  sulphate  is  certainly  very  striking. 

Last  of  all  and  best  of  all  we  come  to  the  determinations 
recently  published  by  Nilson  and  Pettersson.*  These  chem-  • 
ists  sought  to  use  the  sublimed  chloride  of  glucinum,  but 
found  it  to  contain  traces  of  lime  derived  from  a  glass  tube. 
They  finally  resorted  to  the  sulphate  as  the  most  available 
salt  for  their  purposes.  This,  which  they  write  012(804)3 
12H2O,  and  which  we  formulate  as  GISO4.4H2O,  yields  pure 
glucina  upon  strong  ignition.  The  subjoined  percentages 
of  glucina  were  thus  obtained : 

14. 171 
14.169 
14. 160 
14.176 


Mean,  14.169,  zh  .0023 

Hence  GIG  =  25.048,  and  01  =  9.085,  ib  .0055.  If  0  = 
16,  Gl  =  9.106.    If  SO3  =  80,  then  01  =  9.096. 

If  the  oxide  is  OljOj,  then  the  value  Gl  =  9.085,  ±  .0055 
becomes  Gl  =  13.628,  zh  .0082. 

It  would  be  easy  enough  to  combine  this  value  for  01 
with  those  derived  from  the  experiments  of  the  investi- 
gators previously  cited,  but  it  is  hardly  worth  while.  All 
the  other  estimations  have  such  high  probable  errors  that 
they  would  .practically  vanish  from  the  general  mean. 
Their  influence  would  hardly  extend  to  the  third  decimal 
place,  and  they  may  therefore  be  neglected. 


*Compt.  Rend.,  91,  168.     i8So. 
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MAGNESIUM. 

« 

There  is  perhaps  no  common  metal  of  which  the  atomic 
weight  has  been  subjected  to  closer  scrutiny  than  that  of 
magnesium.  The  value  is  low,  and  its  determination  should, 
therefore,  be  relatively  free  from  many  of  the  ordinary 
sources  of  error ;  it  is  extensively  applied  in  chemical  anal- 
ysis, and  ought  consequently  to  be  accurately  ascertained. 
Strange  discrepancies,  however,  exist  between  the  results 
obtained  by  diflTerent  investigators;  so  that  the  generally 
accepted  figure  cannot  be  regarded  as  absolutely  free  from 
doubt. 

The  determinations  of  Berzelius*  and  other  early  chemists 
need  not  be  here  considered.  Nor  does  the  estimation  made 
by  Macdonnellf  deserve  more  than  a  passing  mention.  He 
puts  the  atomic  weight  of  magnesium  at  23.9,  but  gives  no 
details  concerning  his  method  of  determination.  The  re- 
searches which  we  have  to  consider  are  those  of  Scheerer, 
Svanberg  and  Nordenfeldt,  Jacquelain,  Bahr,  Marchand  and 
Scheerer,  and  Dumas. 

Scheerer's  method  of  investigation  was  exceedingly  sim- 
ple.t  He  merely  estimp-ted  the  sulphuric  acid  in  anhydrous 
magnesium  sulphate,  employing  the  usual  process  of  pre- 
cipitation as  barium  sulphate.  He  gives  no  weighings,  but 
reports  the  percentages  of  SO,  thus  found.  In  his  calcula- 
tions, 0  =  100,  SOg  =  500.75,  and  BaO  =  955.29.  It  is 
easy,  therefore,  to  recalculate  the  figures  which  he  gives,  so 
as  to  establish  what  his  method  really  represents,  viz.,  the 
ratio  between  the  sulphates  of  barium  and  magnesium. 

Thus  revised,  his  four  analyses  show  that  100  parts  of 
MgSO^  yield  the  following  quantities  of  BaSO^  : 


*  Lehrbuch,  5  Aufl.,  Bd.  3,  s.  1227. 

f  British  Association  Report,  1852,  part  2,  p.  36. 

X  Poggend.  Annal.,  69,  535.     1846. 
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Per  rent,  SO^, 

193575 

66.573 

193.677 

66.608 

193.767 

66.639 

193.631 

66.592 
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'Cpfc- 


Mean,  193.6625,  d:  .0274 


Hence,  using  the  atomic  weights  deduced  in  previous 
chapters  for  Ba,  S,  and  0,  Mg  =  24.544,  ±  .0311.  In  a  sub- 
sequent note*  ScheereV  shows  that  the  barium  sulphate  of 
the  foregoing  experiments  carried  down  with  it  magnesium 
salts  in  such  quantity  as  to  make  the  atomic  weight  of  mag- 
nesium 0.39  too  low.    Corrected,  Mg  becomes  =  24.545. 

The  work  of  Bahr,  of  Jacquelain,  and  in  part  that  of 
Svanberg  and  Nordenfeldt,  also  relates  to  the  composition 
of  magnesium  sulphate.  Jacquclain's  experiments  were  as 
follows.t  Dry  magnesium  sulphate  was  prepared  by  mix- 
ing the  ordinary  hydrous  salt  to  a  paste  with'sulphuric  acid, 
and  calcining  the  mass  in  a  platinum  crucible  over  a  spirit 
lamp  to  constant  weight  and  complete  neutrality  of  reaction. 
This  dry  sulphate  was  weighed  and  intensely  ignited  three 
successive  times.  The  weight  of  the  residual  MgO  having 
been  determined,  it  was  moistened  with  sulphuric  acid  and 
recalcined  oyer  a  spirit  lamp,  thus  reproducing  the  original 
weight  of  MgSO^.  Jacquelain's  weighings  for  these  two 
experiments  show  that  100  parts  of  MgO  correspond  to  the 
quantities  of  MgSO^  given  in  the  last  column : 

1.466  grm.  MgSOf  gave    .492  grm.  MgO.  297.968 

.492    "      MgO       "     1.466    «*      MgSO^.  297.968 

Jacquelain  also  made  one  estimation  of  sulphuric  acid  in 
the  foregoing  sulphate  as  BaSO^.  His  result,  (1.464  grm. 
MgSO^  =  2.838  grm.  BaSO^,)  reduced  to  the  standard 
adopted  in  dealing  with  Scheerer's  experiments,  give  for  100 
parts  of  MgSO^,  193.852  BaSO^.  If  this  figure  be  given 
equal  weight  with  a  single  experiment  in  Scheerer's  series, 

*  Poggend.  Anna!.,  70,  407. 

t  Ann.  d.  Chim.  et  Phys.,  3  seric,  32,  202. 
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and  combined  with  the  latter,  the  mean  will  be  193.700,  ± 
.0331.  From  this  the  atomic  weight  of  magnesium  becomes 
24.244,  ±  .033.  This  again,  corrected  according  to  Scheerer 
for  the  magnesium  salts  carried  down  by  the  barium  sul- 
phate, becomes  0.39  higher,  or  Mg  =  24.283.  Of  course 
this  correction,  determined  by  Scheerer  for  a  single  experi- 
ment, can  only  be  a  rough  approximation  in  a  mean  like 
the  foregoing.  It  is  better  than  no  correction  at  all,  the 
character  of  the  error  involved  being  known. 

Bahr's*  work  resembles  in  part  that  of  Jacquelain.  This 
chemist  converted  pure  magnesium  oxide  into  sulphate,  and 
from  the  increase  in  weight  determined  the  composition  of 
the  latter  salt.  From  his  weighings  100  parts  of  MgO  equal 
the  amounts  of  MgSO^  given  in  the  third  column : 

1.6938  grm.  MgO  gave  5.0157  grm.  MgSO^.       296.122 
2.0459  "  6.064S  "  296.437 

1.0784  .  «  3-1925  •*  296.040 


Mean,  296.200,  4=  .0815 

About  four  years  previous  to  the  investigations  of  Bahr 
the  paper  of  Svanberg  and  Nordenfeldtf  appeared.  These 
chemists  started  with  the  oxalate  of  magnesium,  which  was 
dried  at  a  temperature  of  from  100°  to  105°  until  it  no 
longer  lost  weight.  The  salt  then  contained  two  molecules 
of  water,  and  upon  strong  ignition  it  left  a  residue  of  MgO. 
The  percentage  of  MgO  in  the  oxalate  comes  out  as  follows: 

7.2634  grm.  oxalate  gave  1.9872  grm.  oxide. 

6.3795  "  "-7464 

6.3653  "  1. 7418 

6.2216  "  1.7027 


27359  pet 

■  cent. 

27375 

(« 

27.364 

« 

27.368 

t( 

Mean,  27.3665,  db  .0023 


In  three  of  these  experiments  the  MgO  was  treated  with 
HjSO^,  and  converted,  as  by  Jacquelain  and  by  Bahr  in 
their  later  researches,  into  MgSO^.  One  hundred  parts  of 
MgO  gave  of  MgS04  ^  follows : 


♦  Joum.  fiir  Prakt.  Chem.,  56,  310.     1852. 
t  Joum.  fiir  Prakt.  Chem.,  45,  473.     1848. 
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1.9872  grm.  MgO  gave  5.8995  grm.  MgSO^.       296.875 

1.7464  "  5- '783  "  296.513 

1. 7418  "  5.1666  "  296.624 

Mean,  296.671,  dz  .072 

We  have  now  for  this  ratio  between  MgO  and  MgSO^ 
three  aeries ;  not  at  all  concordant.  We  may  combine  them, 
assigning  to  each  of  Jacquelain's  two  results  a  weight  cor- 
responding to  one  of  Bahr's : 

Jaoquelain . 297.968,  dz  .0999 

Bahr • 296.200,  dz  .0815 

Svanbeig  and  Nordenfeldt 296.671,  db  .072 

General  mean 296.806,  dz  .0475 

In  1850  the  elaborate  investigations  of  Marchand  and 
Scheerer*  appeared.  These  chemists  undertook  to  deter- 
mine the  composition  of  some  natural  magnesites,  and,  by 
applying  corrections  for  impurities,  to  deduce  from  their 
results  tiie  sought  for  atomic  weight.  The  magnesite  chosen 
for  the  investigation  was,  first,  a  yellow,  transparent  variety 
from  Snarum ;  second,  a  white  opaque  mineral  from  the 
same  locality;  and,  third,  a  very  pure  quality  from  Frank- 
enstein. In  each  case  the  impurities  were  carefully  deter- 
mined ;  but  only  a  part  of  the  details  need  be  cited  here. 
Silica  was  of  course  easily  corrected  for  by  simple  subtrac- 
tion from  the  sum  of  all  of  the  constituents ;  but  iron  and 
calcium,  when  found,  having  been  present  in  the  mineral  as 
carbonates,  required  the  cissignment  to  them  of  a  portion  of 
the  carbonic  acid.  In  the  atomic  weight  determinations 
the  mineral  was  first  dried  at  300°.  The  loss  in  weight 
upon  ignition  was  then  carbon  dioxide.  It  was  found,  how- 
ever, that  even  here  a  correction  was  necessary.  Magnesite, 
upon  drying  at  300°,  loses  a  trace  of  CO2,  and  still  retains  a 
little  water ;  on  the  other  hand,  a  minute  quantity  of  CO, 
remains  even  after  ignition.  The  CO,  expelled  at  300° 
amounted  in  one  experiment  to  .054  per  cent. ;  that  retained 
after  calcination  to  .055  per  cent.    Both  errors  tend  in  the 

*  Joum.  iUr  Prakt.  Chem.,  50,  385. 
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same  direction,  and  increase  the  apparent  percentage  of 
MgO  in  the  magnesite.  On  the  yellow  mineral  from  Snarum 
the  crude  results  are  as  follows,  giving  percentages  of  MgO, 
FeO,  and  CO,  after  eliminating  silica : 


cc?,. 

MgO, 

FeO, 

51.8958 

47.3278 

.7764 

51.8798  • 

47.3393 

.7809 

51-8734 

47.3154 

.8112 

51.8875 

47.3372 

•7753 

Mean,  47.3299  ±  .0037 

After  applying  corrections  for  loss  and  retention  of  CO,, 
as  previously  indicated,  the  mean  results  of  the  foregoing 
series  become — 

CC?,.  MgO,  FeO. 

51.9931  472743  .7860 

The  ratio  between  the  MgO  and  the  CO,,  after  correcting 
for  the  iron,  will  be  considered  further  on. 

Of  the  white  magnesite  from  Snarum  but  a  single  anal- 
ysis was  made,  which,  for  present  purposes  may  be  ignored. 
Concerning  the  Frankenstein  mineral  three  series  of  anal- 
yses were  executed.  In  the  first  series  the  following  results 
were  obtained : 

8.996  grm.  CO,  -=  8.2245  gnn.  MgO.  47.760  per  cent.  MgO. 

7.960  «  72775         "  47-761 

9.3265  "  8.529  "  47767 

7.553  "  6.9095  «  47.775 


« 


Mean,  47.766,  dr  .0022 

This  mean,  corrected  for  loss  of  CO,  in  drying,  becomes 
47.681.    I  give  series  second  with  corrections  applied : 

6.8195  gnn.  MgCO,  gave  3.2500  grm.  MgO.  47.658  per  cent. 

1 1. 3061  •*  5-3849  "  47.628 

9-7375  "  4.635  "  47.599 

12.3887  "  5.9033  "  47.650 

32.4148  "  15.453  "  47.674 

38.8912  "  18.5366  "  47.663 

26.5223  •'  12.6445  "  47675 

Mean,  47.650,  db  .0069 
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The  third  series  was  made  upon  very  pure  material,  so 
that  the  corrections,  although  applied,  were  less  influential. 
The  results  were  as  follows : 

4.2913  gnn.  MgCO,  gave  2.0436  grm.  MgO.      47.622  per  cent. 
27.8286  "  13-2539  "  47 '627       " 


14.6192  "  6.9692  "  47*672 

18.3085  "  8.7237  "         ^    47-648 


Mean,  47.642,  zt  -0077 

In  a  supplementary  paper*  by  Scheerer,  it  was  shown 
that  an  important  correction  to  the  foregoing  data  had  been 
overlooked.  Scheerer,  re-examining  the  magnesites  in  ques- 
tion, discovered  in  them  traces  of  lime,  which  had  escaped 
notice  in  the  original  analyses.  With  this  correction  the 
two  magnesites  in  question  exhibit  the  following  mean 
composition : 

Snarum.  Frankenstein. 

CO, 52.131  52338 

MgO 46.663  47.437 

CaO .430  .225 

FeO T—  .776 


100.000  100.000 


Correcting  for  lime  and  iron,  by  assigning  each  its  share 
of  CO2,  the  Snarum  magnesite  gives  as  the  true  percentage 
of  magnesia  in  pure  magnesium  carbonate,  the  figure  47.624. 
To  this,  without  serious  mistake,  we  may  assign  the  weight 
.indicated  by  the  probable  error,  ±:  .0037 ;  the  quantity  pre- 
viously deduced  from  the  percentages  of  MgO  given  in  the 
uncorrected  analyses. 

From  the  Frankenstein  mineral,  similarly  corrected,  the 
final  mean  percentage  of  MgO  in  MgCOg  becomes  47.628. 
This,  however,  represents  three  series  of  analyses,  whose 
combined  probable  errors  may  be  properly  assigned  to  it. 
The  combination  is  as  follows : 


*  Ann.  d.  Chem.  unci  Pharm.,  no,  240. 
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* 

^ .0022 
±  .0069 
db  .0077 


Result,  dz  .0020,  probable  error  of  the  general  mean. 

We  may  now  combine  the  results  obtained  from  both 
magnesites : 

Snarum  mineral Per  cent  MgO,  47.624,  d=  <oo37 

Frankenstein  mineral  ..  "  47.628,  dr  .0020 


General  mean...  "  47.627,  d=  .0018 

The  last  investigation  upon  the  atomic  weight  of  magne- 
sium which  we  have  to  consider  is  that  of  Dumas.*  Pure 
magnesium  chloride  was  placed  in  a  boat  of  platinum,  and 
ignited  in  a  stream  of  dry  hydrochloric  acid  gas.  The 
excess  of  the  latter  having  been  expelled  by  a  current  of  dry 
carbon  dioxide,  the  platinum  boat,  still  warm,  was  placed 
in  a  closed  vessel  and  weighed  therein.  After  weighing,  the 
chloride  was  dissolved  and  titrated  in  the  usual  manner 
with  a  solution  containing  a  known  quantity  of  pure  silver. 
The  weighings  which  Dumas  reports  give,  as  proportional  to 
100  parts  of  silver,  the  quantities  of  MgCl,  stated  in  the 
third  column : 


2.203  6"^- 

MgCl, 

—  4.964 

grm.  Ag. 

44.380 

2.5215 

« 

5.678 

II 

44.408 

2.363 

« 

5.325 

II 

44.376 

3-994 

« 

9.012 

II 

44.319 

2.578 

(1 

5.834 

<i 

44.189 

2.872 

« 

6.502 

<i 

44.171 

2.080 

« 

4.710 

II 

44.161 

2.214 

II 

5.002 

II 

44.262 

2.086 

it 

4.722 

II 

44.176 

1.688 

II 

3.823 

i< 

44.154 

1.342 

<« 

3.031 

II 

44.276 

Mean,  44.261, 

.oy 


There  are  now  before  us  the  following  ratios,  from  which 
to  deduce  the  sought-for  atomic  weight : 


*  Ann.  Chem.  Pharm.,  113,  33.     i860. 
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(I.)  MgSO^  :  BaSO^ : :  lOO  :  193.700,  d=  .0331 
(2.)  MgO  :  MgS04  •  •  '^^  •  29^-806,  ±z  .0475 
(3.)  Per  cent,  of  MgO  in  oxalate,  27.3665,  db  .0023 
(4.)  Per  cent,  of  MgO  in  carbonate,  47.627,  i  .0018 
(5.)  Ag  :  MgCl,  : :  100  :  44.261,  db  .020 

From  these  we  find  three  values  for  the  molecular  weight 
of  MgO : 

From  (2) MgO  =  40.587,  db  .0126 

From  (3) ««     =  40.603,  =b  .0069 

From  (4) .. "     =  39.922,  db  .0030 

General  mean "     =  40.054,  db  .0027 

We  have  also  three  values  for  the  atomic  weight  of  mag- 
nesium : 

From  molecular  weight  of  MgO Mg  =  24.091,  dz  •0044 

From  ratio  (i,)  corrected "    =  24.283,  dr  .033 

From  ratio  (5,)  Dumas "    =  24.576,  i  .032 

General  mean "    =  24.103,  ±  .0043 

Or,  if  0  =  16,  Mg  becomes  =  24.159. 

In  this  general  mean  all  the  determinations  are  included, 
good  or  bad.  Dumas'  result  is  unquestionably  wrong ;  the 
error,  probably,  being  due  to  the  presence  of  oxychloride  in 
the  MgCl^  which  was  used.  It  is  doubtful  whether  any 
precautions  could  have  eliminated  that  error.  If  we  take 
only  Marchand  and  Scheerer's  work  on  magnesium  carbon- 
ate as  having  positive  value,  we  shall  get  from  their  analy- 
ses the  following  result,  viz :  Mg  =  23.959,  ±  .0046.  Or, 
if  0  =  16,  this  becomes  24.014.  The  atomic  weight  of  mag- 
nesium, therefore,  varies  from  the  whole  number  24,  only 
within  the  ordinary  limits  of  experimental  error. 
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ZINC. 

The  several  determinations  of  the  atomic  weight  of  zinc 
are  by  no  means  closely  concordant.  The  results  obtained 
by  Gay-Lussac*  and  Berzeliusf  were  undoubtedly  too  low, 
and  may  be  disregarded  here.  We  need  consider  only  the 
work  done  by  Jacquelain,  Favre,  and  Axel  Erdmann. 

In  1842  Jacquelain  published  the  results  of  his  investiga- 
tions upon  this  important  constant.  J  In  two  experiments  a 
weighed  quantity  of  zinc  was  converted  into  nitrate,  and 
that  by  ignition  in  a  platinum  crucible  was  reduced  to  oxide. 
In  two  other  experiments  sulphuric  acid  took  the  place  of 
nitric.  As  the  zinc  contained  small  quantities  of  lead  and 
iron,  these  were  estimated,  and  the  necessary  corrections  ap- 
plied. From  the  weights  of  metal  and  oxide  given  by 
Jacquelain  the  percentages  have  been  calculated : 


Nitric  Series, 

9.917  grm.  Zn 

gave 

12.3138  grm.  ZnO. 

80.536 

per 

cent.  Tjbl. 

9.809            " 

12.1800          " 

Sulphuric  Series, 

80.534 

«* 

2.398 

2.978  grm.  ZnO. 

80.524 

«4 

3197 

3968 

80.570 

*< 

Mean  of  all  four,  80.541,  =h  .007 

Hence  Zn  =  66.072,  ±  .028. 

The  method  adopted  by  Axel  Erdmann  ||  is  essentially  the 
same  as  that  of  Jacquelain,  but  varies  from  the  latter  in  cer- 
tain important  details.  First,  pure  zinc  oxide  was  prepared, 
ignited  in  a  covered  crucible  with  sugar,  and  then,  to  com- 
plete the  reduction,  ignited  in  a  porcelain  tube  in  a  current 
of  hydrogen.  The  pure  zinc  thus  obtained  was  converted 
into  oxide  by  means  of  treatment  with  nitric  acid  and  sub- 


*  M6moire  d'Arceuil,  2, 174. 

t  Gilb.  Annal.,  37,  460. 

{  Compt.  Rend.,  14,  636. 

II  Poggend.  Anna].,  62,  611.     Berz.  Lehrb.,  3,  1 219. 
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sequent  ignition  in  aporcdaiii  crucible.    Erdmann's  figures 
give  us  the  following  percentages  of  metal  in  the  oxide : 

So.  247 

80.2S7 
So.  263 
So.  274 


Mean,  So.  260,  d=  -0037 

Hence  Zn  =  64.9045,  zfc  .019. 

If  we  conabine  the  results  of  Jacquelain  with  those  df  Erd- 
mann,  we  get  a  mean  percentage  of  zinc,  80.324,  it  .0032 ; 
and  an.  atomic  weight  of  Zn  =  65.168,  it  .018.  The  reason 
for  the  discordance  between  the  two  experimenters  will  be 
-considered  further  along. 

Favre*  employed  two  methods  of  investigation.  First, 
zinc  was  dissolved  in  sulphuric  acid,  the  hydrogen  evolved 
was  burned,  and  the  weight  of  water  thus  formed  was  de- 
termined. To  his  weighings  I  append  the  ratio  between 
metallic  zinc  and  100  parts  of  water : 

25.389  gnn.  Zn  gave  6.92S  grm.  H^O.       366.469 
30.369     "     8.297    "  366.024 

31.^76     "      8.671    «  366.463 


Hence  Zn  =  65.803,  do  .020. 


Mean,  366.319,  ±z  .088 


The  second  method  adopted  by  Favre  was  to  burn  pure 
2inc  oxalate,  and  to  weigh  the  oxide  and  carbonic  acid  thus 
produced.  From  the  ratio  between  these  two  sets  of  weights 
the  atomic  weight  of  zinc  is  easily  deducible.  From  Favre's 
weighings,  if  CO,  =  100,  ZnO  will  be  as  given  in  the  third 
-column  below : 

7.796  grm.  ZnO  =  8.36$  grm.  CO,.  93- ^9^ 

7.342  "  7.883         "  93137 

5.206s  "  5.588         "  93>73 

Mean,  93.169,  di  .012 

Hence  Zn  =  65.8395,  ±  .022. 


♦Ann.  Chim.  Phys.,  (3,)  lo,  163.     1844- 
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A  fourth  combustion  of  the  oxalate  is  omitted  from  the 
above  series,  having  been  rejected  by  Favre  himself.  In  this 
the  oxide  formed  was  contaminated  by  traces  of  sulphide. 

The  four  values  for  zinc  now  before  us  are  so  discordant 
that  a  combination  of  them  after  the  usual  method  can  have 
only  a  trifling  significance.  The  following  is  the  result  thus 
obtained : 

From  Jacquelain*s  figures Zn  =  66.072,    re  .oaS 

From  Favre's  water  series **   =  65.803,    ziz  .020 

From  Favre's  oxalate  series __  "   r=  65.8395,  d:  .022     ' 
From  Erdmann's  figures ♦*   =  64.9045,  ±  .019 


General  mean •«   —  65.557,    dr  .011 

It  will  be  seen  that  three  of  these  values  agree  tolerably 
well,  placing  the  atomic  weight  of  zinc  in  the  neighborhood 
of  66,  while  the  other  is,  in  round  numbers,  about  a  unit 
lower.  This  lower  figure,  however,  has  the  smallest  proba- 
ble error,  and  it  will  be  found  also,  upon  careful  considera- 
tion, that  it  is  less  likely  than  the  others  to  be  vitiated  by 
experimental  inaccuracies.  Both  chemically  and  mathe- 
matically it  is  the  best. 

Upon  comparing  Erdmann's  results  with  those  of  Jacque- 
lain  two  points  are  worth  noticing:  first,  Erdmann  worked 
with  purer  material  than  Jacquelain,  although  the  latter 
applied  corrections  for  the  impurities  which  he  knew  were 
present ;  secondly,  Erdmann  calcined  his  zinc  nitrate  in  a 
porcelain  crucible,  while  Jacquelain  used  platinum.  In  the 
latter  case  it  has  been  shown  that  portions  of  zinc  may  be- 
come reduced  and  alloy  themselves  with  the  platinum  of 
the  crucible.  Hence  a  lower  weight  of  oxide  from  a  given 
quantity  of  zinc,  a  higher  percenta,ge  of  metal,  and  an  in- 
creased atomic  weight.  This  source  of  constant  error  has 
undoubtedly  affected  Jacquelain's  experiments,  and  vitiated 
his  results.  In  Erdmann^s  work  no  such  errors  seem  to  be 
present. 

Over  Favre's  experiments  Erdmann's  have  the  important 
merit  of  simplicity.  In  the  latter  it  is  difficult  to  detect 
sources  of  error ;  in  the  former  it  is  easy.    In  Favre's  water 
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series  it  was  esseDtial  that  the  hydrogen  should  first  be 
thoroughly  dried  before  combustion,  and  then  that  every 
trace  of  water  formed  should  be  collected.  A  trivial  loss  of 
hydrogen  or  of  water  would  tend  to  increase  the  apparent 
atomic  weight  of  zinc. 

In  the  combustion  of  the  zinc  oxalate  equally  great  diffi- 
culties are  encountered.  Here  a  variety  of  errors  are  possi- 
ble, such  as  are  due,  for  example,  to  impurity  of  material, 
to  imperfect  drying  of  the  carbon  dioxide,  and  to  incomplete 
collection  of  the  latter.  It  may  not  be  easy  to  prove  that 
such  errors  actually  did  creep  into  Favre^s  work,  and  yet 
their  possibility  hinders  us  from  absolutely  accepting  his 
results. 

All  things  considered,  then,  Erdmann's  determination  of 
the  atomic  weight  of  zinc  is  the  one  most  entitled  to  credit, 
and  must  be  taken  for  the  present  in  lieii  of  the  general 
mean  deduced  firom  all  four  of  the  values.  This  determina- 
Uon,  Zn  =  64.9045,  ±  .019,  becomes,  if  O  =  16,  65.054. 


CADMIUM. 

The  earliest  determination  of  the  atomic  weight  of  this 
metal  was  by  Stromeyer,  who  found  that  100  parts  of  cad- 
mium united  with  14.352  of  oxygen.*  With  our  value 
for  the  atomic  weight  of  oxygen  these  figures  make  Cd  = 
111.227.     This  result  has  now  only  a  historical  interest. 

The  more  modern  estimates  of  the  atomic  weight  of  cad- 
mium are  four  in  number,  by  v.  Hauer,  Lenssen,  Dumas, 
and  Huntington.  Of  these  that  by  v.  Hauer  f  comes  first 
in  chronological  order.  He  heated  pure  anhydrous  cad- 
mium sulphate  in  a  stream  of  dry  hydrogen  sulphide,  and 
weighed  the  cadmium  sulphide  thus  obtained.    His  results 


*  See  Berz.  Lehrbuch,  5th  Ed.,  3,  1219, 
f  Jpum.  fUr  Prakt.  Chcm.,  72,  350.     1857. 
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were  as  follows,  with  the  percentage  of  CdS  in  GdSO^  there- 
from deduced: 

7.7650  gnn.  CdSO^  gave  5.3741  grm.  CdS.        69.209  percent. 

69.222 


6.6086 

4.5746 

7.3821 

5.1117 

6.8377 

4.7336 

8.1956, 

5.6736 

7.6039 

5-2634 

7  H15 

4.9431 

5.8245 

4.0335 

6.8462 

4.7415 

"  69.222  «* 

"  69.245  « 

"  69.228  « 

"  69.227  " 

"  69.220  " 

"  69.217  " 

**  69.251  " 


Mean,  69.231,  db  .0042 

Lenssen*  worked  upon  pure  cadmium  oxalate,  handUug, 
however,  only  small  quantities  of  material.  This  salt,  upon 
ignition,  leaves  the  following  percentages  of  oxide : 

.5128  grm.  oxalate  gave  .3281  grm.  CdO.  63.982  per  cent. 

.6552  «  .4193         "  63.996 

.4017  "  .2573  "  64.053 


« 


Mean,  64.010,  ±:  .014 

Dumas  f  dissolved  pure  cadmium  in  hydrochloric  acid, 
evaporated  the  solution  to  dryness,  and  fused  the  residue  in 
hydrochloric  acid  gas.  The  cadmium  chloride  thus  ob- 
tained was  dissolved  in  water  and  titrated  with  a  solutiou 
of  silver  after  the  usual  manner.  From  Dumas'  weighings 
I  calculate  the  ratio  between  CdCl^  and  100  parts  of  silver : 

2.369  grm.  CdCl,  =  2.791  grm.  Ag.  84.880 

«'  84.892 


4.540 

(1 

5.348 

6.177 

it 

7.260 

2.404 

*k 

2.841 

35325 

It 

4.166 

4.042 

<t 

4.767 

85.803 
84.618 

84.794 
84.791 


Mean,  84.843,  db  .026 

Latest  of  all  comes  Huntington's  J  work,  done  under  the 
direction  of  Professor  J.  P.  Cooke.    Bromide  of  cadmium 

*  Joum.  fllr  Prakt.  Chem.,  79,  281.     i860, 
t  Ann.  Chem.  Pharm.,  X13,  27.     i860. 
1  Proc.  Amer.  Acad.,  1881. 
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Mss  prepared  by  dissolving  the  carbonate  in  hydrobromic 
acid,  and  the  product,  dried  at  200®,  was  purified  by  sub- 
limation in  a  porcelain  tube.  Upon  the  compound  thus 
obtained  two  series  of  experiments  were  made. 

In  one  series  the  bromide  was  dissolved  in  water,  and  a 
quantity  of  silver  not  quite  sulEcient  for  complete  precipi- 
tation of  the  bromine  was  then  added  in  nitric  acid  solu- 
tion. After  the  precipitate  had  settled,  the  supernatant 
liquid  was  titrated  with  a  standard  solution  of  silver  con- 
taining one  gramme  to  the  litre.  The  precipitate  was 
washed  by  decantation,  collected  by  reverse  filtration,  and 
weighed.  To  the  weighings  I  append  the  ratio  between 
CdBr,  and  100  parts  of  silver  bromide : 


1.5592  grm.  CdBr,  gave  2.1529  gnn.  AgBr. 


*  37456 
2.4267 

•3.6645 

*  3.7679 

2.7938 
♦1.9225 

3.4473 


5.1724 
3-35" 

5.0590 
5.2016 

3.8583 
2.6552 

4.7593 


Ratio,  72.423 
72.415 

72.415 
72.435 
72.437 
72.410 

72.405 
72.433 


Mean,  72.4216,  db  .0028 


The  second  series  was  like  the  first,  except  that  the  weight 
of  silver  needed  to  eflTect  precipitation  was  noted,  instead  of 
the  weight  of  silver  bromide  formed.  In  the  experiments 
marked  with  an  asterisk,  both  the  amount  of  silver  required 
and  the  amount  of  silver  bromide  thrown  down  were  deter- 
mined in  one  set  of  weighings.  The  third  column  gives  the 
CdBr,  proportional  to  100  parts  of  silver : 


*  3.7456  gnn. 

CdBr, 

—  2.9715  gnn.  Ag. 

126.051 

5.0270 

<« 

3.9874 

It 

126.072 

*3.6645 

«c 

2.9073 

« 

126.045 

*  3.7679 

€€ 

2.9888 

«« 

126.067 

*  1.9225 

«< 

1.5248 

It 

126.082 

2.9101 

« 

2.3079 

«i 

X  26.093 

3.6510 

f( 

2.8951 

«< 

126. 1 10 

3.9782 

« 

3.1551 

C( 

126.088 

8 


Mean,  126.076,  :h  .0052 
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From  the  fint  series CdBr,  =  271.498,  dr  .032 

From  the  second  series..    **      =  271.505,  ±:  .027 

General  mean **     =  271.502,  d=  .0215 

Hence  Cd  =  111.966,  rb  .043. 

According  to  Huntington's  own  calculations  these  experi- 
ments fix  the  ratio  between  silver,  bromine,  and  cadmium 
as  Ag  :  Br  :  Cd  :  :  108  :  80  :  112.31.  This  result  militates 
strongly  against  Front's  hypothesis. 

Upon  combining  all  the  determinations  we  get  the  follow- 
ing result: 

V.  Hauer Cd  =  111.6S4,  i  -040 

Leftssen "  =  11 1.803,  d=  .062 

Dnmas . ,,^  "   =  1 1 1.969,  db  .065 

Huntington "   =  11 1.966,  db  .040 

General  mean "   =  11 1.835,  d=  .024 

Or,  if  0  =  16,  then  Cd  =  112.092. 

It  will  be  seen  that  Dumas  and  Huntington's  determina- 
tions,  both  made  with  haloid  salts  of  cadmium,  agree  with 
wonderful  closeness,  and  so  confirm  each  other.  On  the 
other  hand,  v.  Hauer's  data  give  a  value  for  the  atomic 
weight  of  cadmium  which  is  much  lower.  Apparently,  v. 
Hauer's  method  wad  good,  and  the  reason  for  the  discrep- 
ancy remains  to  be  discovered.  Until  it  is  ascertained  I 
prefer  to  use  the  above  mean  value  for  Cd,  rather  than  to 
adopt  one  investigation  and  reject  the  others. 


MERCURY. 


In  dealing  with  the  atomic  weight  of  mercury  we  may 
reject  the  early  determinations  by  Sefetrom*  and  a  large 
part  of  the  work  done  by  Turner.f  The  latter  chemist,  in 
addition  to  the  data  which  will  be  cited  below,  gives  figures 

*SefstrOm.     Ben.  Lehrb.,  5th  Ed.,  3,  1215.     Work  done  in  1812. 
fPhU.  Trans.,  1833,  531-535- 
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to  represent  the  percentage  composition  of  both  the  chlo- 
rides of  mercury ;  but  these  results  are  neither  reliable  nor 
in  proper  shape  to  be  used. 

First  in  order  we  may  consider  the  percentage  composi- 
tion of  mercuric  oxide,  as  established  by  Turner  and  by 
Erdmann  and  Marchand.  In  both  investigations  the  oxide 
was  decomposed  by  heat,  and  the  mercury  was  accurately 
weighed.  Gold  leaf  served  to  collect  the  last  traces  of  mer- 
curial vapor. 

Turner  gives  four  estimations.*  Two  represent  oxide  ob- 
tained by  the  ignition  of  the  nitrate,  and  two  are  from  com- 
mercial oxide.  In  the  first' two  the  oxide  still  contained 
traces  of  nitrate,  but  hardly  in  weighable  proportions.  A 
comparison  of  the  figures  from  this  source  with  the  others 
is  sufficiently  conclusive  on  this  point.  The  third  column 
represents  the  percentage  of  mercury  in  HgO : 


144.805  grains  Hg  —  1 1. 54  grains  0. 

92.619 

125.9S0            «*            10.08       " 

92.592 

173-561             "            1382       " 

92.625 

114.294            "              9.101     •* 

92.620 

(( 
(( 
(f 


Mean,  92.614,  db  .0050 

In  the  experiments  of  Erdmann  and  Marchand  f  every 
precaution  was  taken  to  ensure  accuracy.  Their  weighings, 
reduced  to  a  vacuum  standard,  give  the  subjoined  percent- 
ages: 

82.0079  grm.  HgO  gave  75.9347  gnn.  Hg.  92.594  per  cent. 

51.0320  "  472538        "  92.597 

84.4996  **  78.2501        **  92.604 

44.6283  "  41.3285        "  92.606      " 

118.4066  "  109.6408        "  92.597      " 

Mean,  92.5996,  d=  .0015 

Combining,  we  have : 

Turner 92.614,    db  .0050 

Erdmann  and  Marchand 92.5996,  d:  .0015 


ti 


General  mean 92.601,    db  .0014 


♦Phil.  Trans.,  1833,  531-535- 

f  Joum.  fUr  Prakt.  Chem.;  31,  395.     1844. 
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With  a  view  to  establishing  the  atomic  weight  of  sulphur 
Erdmann  and  Marchand  also  made  a  series  of  analyses  of 
pure  mercuric  sulphide.  These  data  are  now  best  available 
for  discussion  under  mercury.  The  sulphide  was  mixed 
with  pure  copper  and  ignited ;  mercury  distilling  over  and 
copper  sulphide  remaining  behind.  Gold  leaf  was  used  to 
retain  traces  of  mercurial  vapor,  and  the  weighings  were 
reduced  to  vacuum : 

34.3568  gnn.  HgS  gave  29.6207  grm.  Hg.  86.215  percent.  Hg. 

24.8278  "  21.40295      "  86.206 

37.2177  "  32.08416      "  86.207 

80.7641  «*  69.6372  •      "  86.223 


(C 

<« 


Mean,  86.2127,  ±  .0027 

For  the  percentage  of  mercury  in  mercuric  chloride  we 
have  data  by  Turner,  Millon,  and  Svanberg.  Turner,*  in 
addition  to  some  precipitations  of  mercuric  chloride  by  silver 
nitrate,  gives  two  experiments  in  which  the  compound  was 
decomposed  by  pure  stannous  chloride,  and  the  mercury 
thus  set  free  was  collected  and  weighed.  The  results  were 
as  follows : 

44.782  grains  Hg  =15.90  grains  CI.  73* 79^  pcr  cent. 

73.09  **  25.97        "  73.784      " 

Mean,  73.791,  d=  .005 

Millont  purified  mercuric  chloride  by  solution  in  ether 
and  sublimation,  and  then  subjected  it  to  distillation  with 
lime.  The  mercury  was  collected  as  in  Erdmann  and  Mar- 
chand's  experiments.    Percentages  of  metal  as  follows : 

73.87 

73-81 
73.83 
73.87 


Mean,  73.845.  ±  -O'o 

Svanberg,!  following  the  general  method  of  Erdmann 

♦PhU.  Trans.,  1833,  53»-Sa5- 

t  Ann.  Chim.  Phys.,  (3,)  t8,  345     1846. 

t  Joum.  tOix  Prakt.  Chem.,  45,  472.     1848. 
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and  Marchand,  made  three  distillations  of  mercuric  chlo- 
ride with  limey  and  got  the  following  results : 

12.048  grm.  HgCl,  gave  8.889    g™i-  Hg.  73.780  per  cent. 

12.529  **  9.2456        "  73-794 

12.6491  "  9.3363        **  73-810 


Mean,  73.795,  ±.  .006 


Combining  these  series  we  have  : 


Turner 73-79i»  d=  .005 

Millon 73-845,  rh  .010 

Svanberg 73-795»  =b  .006 

General  mean 73-798,  db  .0034 

In  this  mean  Turner's  figures  undoubtedly  receive  undue 
weight,  for,  on  experimental  grounds,  they  am  probably  in- 
ferior to  both  of  the  other  series.  It  is  better,  however,  that 
the  general  mean  should  remain  as  it  is,  than  that  I  should 
deal  arbitrarily  with  any  of  the  data. 

We  now  have  three  figures  to  calculate  from : 

Per  cent,  of  Hg  in  HgO 92.601,    db  .0014 

HgS 86.3127,  rb  .0027 

HgCl, 73798,    dt  .0034 


«« 


These  give  us  three  values  for  the  atomic  weight  of  mer- 
cury and  a  general  mean  as  follows : 

From  HgO Hg  =  199.786,  dz  .059 

From  HgS "    =  200.016,  dr  .088 

From  HgCl, **    =  199.239,  d;  .086 

General  mean "    =  199.712,  rfc  .042 

If  O  =  16,  then  this  becomes  200.171. 
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CJonceming  the  atomic  weight  of  chromium  there  has 
been  much  discussion,  and  many  experimenters  have  sought 
to  -establish  the  true  value.    The  earliest  work  upon  it  hav- 
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ing  any  importance  was  that  of  Berzelius,*  in  1818  and 
1826,  which  led  to  results  much  in  excess  of  the  correct 
figure.  His  method  consisted  in  precipitating  a  known 
weight  of  lead  nitrate  with  an  alkaline  chromate  and  weigh- 
ing the  lead  chromate  thus  produced.  The  error  in  his  de- 
termination arose  from  the  fact  that  lead  chromate,  except 
when  thrown  down  from  very  dilute  solutions,  carries  with 
it  minute  quantities  of  alkaline  salts,  and  so  has  its  apparent 
weight  notably  increased.  When  dilute  solutions  are  used, 
a  trace  of  the  precipitate  remains  dissolved,  and  the  weight 
obtained  is  too  low.  In  neither  case  is  the  method  trust- 
worthy. 

In  1844  Berzelius'  results  were  first  seriously  called  in 
question.  The  figure  for  chromium  deduced  from  his  ex- 
periments wa^omewhat  over  56 ;  but  Peligotf  now  showed, 
by  his  analyses  of  chromous  acetate  and  of  the  chlorides  of 
chromium,  that  the  true  number  was  near  52.5.  Unfortu- 
nately, Peligot's  work,  although  good,  was  published  with 
insufficient  details  to  be  useful  here.  For  chromous  acetate 
he  gives  the  percentages  of  carbon  and  hydrogen,  but  not 
the  actual  weights  of  salt,  carbon  dioxide,  and  water  from 
which  they  were  calculated.  His  figures  vary  considerably 
moreover ;  enough  to  show  that  their  mean  would  carry  but 
little  weight  when  combined  with  the  more  explicit  data 
furnished  by  other  chemists. 

Jacquelain'sJ  work  we  may  omit  entirely.  He  gives  an 
atomic  weight  for  chromium  which  is  notoriously  too  low, 
and  prints  none  of  the  numerical  details  upon  which  his 
result  rests.  The  researches  which  particularly  command 
our  attention  are  those  of  Berlin,  Moberg,  Lefort,  Wilden- 
stein,  Kessler,  and  Siewert. 

Among  the  papers  upon  the  atomic  weight  under  consid- 
eration that  by  Berlin  is  one  of  the  most  important,||  His 
starting  point  was  normal  silver  chromate ;  but  in  one  ex- 


*Schweigg.  Joum.,  22,  53,  and  Po^;end.  Annal.,  8,  22. 
t  Compt.  Rend.,  19,  609  and  734;  20,  1187 ;  21,  74. 

I  Compt.  Rend.,  24,  679.     1847. 

II  Journ.  iUr  Prakt.  Chem.,  37,  509,  and  38,  149.     1846. 
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periment  the  anhy drochromate  Ag ,  Cr ,  0 1  was  used.  These 
salts,  which  are  easily  obtained  in  a  perfectly  pure  condition, 
were  reduced  in  a  large  flask  by  means  of  hydrochloric  acid 
and  alcohol.  The  chloride  of  silver  thus  formed  was  washed 
by  decantation,  dried,  fused,  and  weighed  without  transfer. 
The  united  washings  were  supersaturated,  with  ammonia, 
evaporated  to  dryness,  and  the  residue  treated  with  hot 
water.  The  resulting  chromic  oxide  was  then  collected 
upon  a  filter,  dried,  ignited,  and  weighed.  The  results  were 
as  follows : 

4.6680  gnn.  AgjCiO^  gave  4.027  gnn.  AgCl  and  1.0754  grm.  Cr,0|. 
3.4568  ••  2.983  "  .7960  " 

2.5060  "  2.1605  "  -5770 

2.1530  "  1.8555  "  -4945 

4.333s  grm-  Ag^CfjO,  gave  2.8692  "  ^'53^ 


tt 
« 


From  these  weighings  three  values  are  calculable  for  the 
atomic  weight  of  chromium.  The  three  ratios  upon  which 
these  values  depend  we  will  consider  separately ;  taking  first 
that  between  the  chromic  oxide  and  the  original  silver  salt. 
In  the  four  analyses  of  the  normal  chromate  the  percentages 
of  CrjOj  deducible  from  Berlin's  weighings  are  as  follows : 

23.037 
23.027 
23.025 
22.968 


Mean,  23.014,  d=  .011 


And  from  the  single  experiment  with  Ag,Cr,OT  ^^^  Per- 
centage of  Cr,Oa  was  35.306. 

For  the  ratio  between  Ag^CrO^  and  AgCl,  putting  the 
latter  at  100,  we  have  for  the  former.: 


115.917 

115.8S3 
115.992 

116.033 

Mean,  115.956,  ±  .023 
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In  the  single  experiment  with  anhydrochromate  100  AgCl 
is  formed  from  151.035  Ag,Cr,0,. 

Finally,  for  the  ratio  between  AgCl  and  CrjOg,  the  five 
experiments  of  Berlin  give,  for  100  parts  of  the  former,  the 
following  quantities  of  the  latter : 

26.705 
26.685 
26.707 
26.650 
26.662 


Mean,  26.682,  d=  .0076 

These  results  will  be  discussed  in  connection  with  the 
work  of  other  investigators  at  the  end  of  this  chapter. 

In  1848  the  researches  of  Moberg*  appeared.  His  method 
simply  consisted  in  the  ignition  of  anhydrous  chromic  sul- 
phate and  of  ammoniacal  chrome  alum,  and  the  determina- 
tion of  the  amount  of  chromic  oxide  thus  left  as  residue. 
In  the  sulphate,  Cr,(S04)g,  the  subjoined  percentages  of 
CtjOj  were  found.  The  brackets  indicate  two  different 
samples  of  material,  to  which,  however,  we  are  justified  in 
ascribing  equal  value : 

.542  grm.  sulphate  gave  .212  grm.  Cr,0,.  39-114  P^  cent- 

1.337  "  .523  "  39- "7      *' 

.5287  "  .207  "  39153      " 

1.033  "  .406  "  39-303      "         \ 


.868  "  .341  "  39.286 


Mean,  39.1946,  db  .0280 

From  the  alum,  (NH  J,Cr,(SO  J,.24H,0,  we  have  these 
percentages  of  Ct^O^.  The  first  series  represents  a  salt  long 
dried  under  a  bell  jar  at  a  temperature  of  18°.  The  crys- 
tals taken  were  clear  and  transparent,  but  may  po^ibly 
have  lost  traces  of  water,t  which  would  tend  to  increase  the 
atomic  weight  found  for  chromium.  In  the  second  series 
the  salt  was  carefully  dried  between  folds  of  filter  paper,  and 

*  Joum.  Hir  Prakt.  Chem.,  43,  114. 

t  This  objection  is  suggested  by  Berlin  in  a  short  note  upon  Lefort's  pip<i'- 
Journ.  fUr  Prakt.  Chem.,  71,  191. 
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results  were  obtained  quite  near  those  of  Berlin.  Both  of 
these  series  are  discussed  together,  neither  having  a  remark- 
able value : 


1.3185  gmi. 

alum 

gave 

.213 

gnn.  CrjOy. 

16.155  percent.  ] 

.7987 

M 

.129 

M 

16.151 

<« 

1.0185 

«< 

.1645 

(« 

16.151 

kl 

1.0206 

<C 

.1650 

«« 

16.167 

« 

.8765 

(• 

.1420 

<« 

16.201 

«< 

.7680 

« 

.1242 

tt 

16.172 

tt 

1.6720 

M 

.2707 

« 

16.190 

tt 

.5410 

«( 

.0875 

«< 

16.174 

tt 

1.2010 

«C 

.1940 

<« 

16.153 

tt 

I.OOIO 

(( 

.1620 

i( 

16.184 

tt 

.7715 

«< 

•123s 

« 

16.007 

"           1 

1-374 

l< 

.2200 

f< 

16.012 

"           } 

Mean,  16.143,  ±  .0125 

The  determinations  made  by  Lefort*  are  even  less  valu- 
able than  those  by  Moberg.  This  chemist  started  out  from 
pure  barium  chromate,  which,  to  thoroughly  free  it  from 
moisture,  had  been  dried  for  several  hours  at  250®.  The 
chromate  was  dissolved  in  pure  nitric  acid,  the  barium 
thrown  down  by  sulphuric  acid,  and  the  precipitate  collected 
upon  a  filter,  dried,  ignited,  and  weighed  in  the  usual  man- 
ner. The  natural  objection  to  the  process  is  that  traces  of 
chromium  may  be  carried  down  with  the  sulphate,  thus  in- 
creasing its  weight.  In  fact,  Lefort's  results  are  somewhat 
too  high.  Calculated  from  his  weighings,  100  parts  of 
BaS04  correspond  to  the  amounts  of  BaCrO^  given  in  the 
third  column : 


1.2615 

gnu.  J 

bbch 

L)4gave 

1.I5SS 

gnn. 

BaSO^ 

109.174 

1.5895 

tt 

1.4580 

109.019 

2.3255 

t€ 

2.1340 

108.974 

3.0390 

« 

2.7855 

109.  lOI 

2.3480 

<« 

2.1590 

108.754 

1.4230 

<fl 

1.3060 

108.708 

1.1975 

t4 

1.1005 

108.814 

3.4580 

tt 

3.1690 

109.119 

2.0130 

n 

1.8430 

109.224 

*  Jouni.  fHi  Prakt.  Chem.,  51,  261.     1850. 
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3.5570  grm.  BaCrO^  gave  3.2710  giro.  BaSO^.  108.744 

1.6470  "  1.5060  "  109.363 

1.8240  "  1.6725  "  109.058 

1.6950  "  1.5560  «*  108.933 

'  2.5960  "  2.3870  "  108.756 


Mean,  10S.9815,  db  -0369 

Wildenstein,*  in  1853,  also  made  barium  chromate  the 
basis  of  his  researches.  A  known  weight  of  pure  barium 
chloride  was  precipitated  by  a  neutral  alkaline  chromate, 
and  the  precipitate  allowed  to  settle  until  the  supernatant 
liquid  was  perfectly  clear.  The  barium  chromate  was  then 
collected  on  a  filter,  washed  with  hot  water,  dried,  gently 
ignited,  and  weighed.  Here  again  arises  the  objection  that 
the  precipitate  may  have  retained  traces  of  alkaline  salts, 
and  again  we  find  deduced  an  atomic  weight  which  is  too 
high.  One  hundred  parts  BaCrO^  correspond  to  BaCl,  as 
follows : 


81.87 

81.57 

81.80 

81.75 

81.61 

81.66 

81.78 

81.83 

81.52 

81.66 

81.84 

81.80 

81.85 

81.66 

81.70 

81.85 

8r.68 

81.57 

81.54 

81.83 

81.66 

81.71 

81.55 

81.63 

81.81 

81.56 

81.86 

81.58 

81.54 

81.67 

81.68 

81.84 

Mean,  81.702,  ih  .014 

Next  in  order  we  have  to  consider  two  papers  by  Kessler, 
who  employed  a  peculiar  volumetric  method  entirely  his 
own.  In  brief,  he  compared  the  oxidizing  power  of  pK>tas- 
eium  anhydrochromate  with  that  of  the  chlorate,  and  from 

*Joum.  fUr  Prakt.  Chem.,59,  27. 
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his  observations  deduced  the  ratio  between  the  molecular 
weights  of  the  two  salts. 

In  his  earlier  paper*  the  mode  of  procedure  was  about  as 
folloiars :  The  two  salts,  weighed  out  in  quantities  having 
approximate  chemical  equivalency,  were  placed  in  two  small 
flasks,  and  to  each  was  added  100  cc.  of  a  ferrous  chloride 
solution  and  30  cc.  hydrochloric  acid.  The  ferrous  chloride 
was  added  in  trifling  excess,  and,  when  action  ceased,  the 
amount  unoxidized  was  determined  by  titration  with  a 
standard  solution  of  anhydrochromate.  As  in  each  case 
the  quantity  of  ferrous  chloride  was  the  same,  it  became 
easy  to  deduce  from  the  data  thus  obtained  the  ratio  in 
question.  I  have  reduced  all  of  his  somewhat  complicated 
figures  to  a  simple  common  standard,  and  give  below  the 
amount  of  chromate  equivalent  to  100  of  chlorate : 

120.118 
120.371 
120.138 
120.096 
120.241 
120. 181 


Mean,  120. 191,  rb  .028 

In  his  later  paperf  Kessler  substituted  arsenic  trioxide 
for  the  iron  solution.  In  one  series  of  experiments  the 
quantity  of  anhydrochromate  needed  to  oxidize  100  parts 
of  the  arsenic  trioxide  was  determined,  and  in  another  the 
latter  substance  was  similarly  compared  with  the  chlorate. 
The  subjoined  columns  give  the  quantity  of  each  salt  pro- 
portional to  100  of  AsjOg : 

98.95  41.156 

98.94  41. 1 16 

99.17  41.200 

98.98  41-255 

99.08  41.201 

99.15  41.086 

41.199 

Mean,  99.045,  rb  .028  41.224 


*■  Poggend.  Annal.,  95,  208.  1855. 
fPoggend.  Annal.,  113.  137.  i86i. 
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KClOy 
41.161 

41.193 

41.149 
41.126 

Mean,  41.172,  =b  .009 

From  the  data  given  in  the  earlier  paper,  if  we  use  our 
recent  values  for  chlorine,  potassium,  and  oxygen, 

KjCfjOy  =  293-937.  ±i  -086 

And  from  the  later,        "       =  294.159,  rb  -119 


General  mean,        "        :=  294.013,  =fc  .0697 

Finally,  we  come  to  the  determinations  published  by  Sie- 
wert,*  whose  work  does  not  seem  to  have  attracted  general 
attention.  He,  reviewing  Berlin's  work,  found  that  upon 
reducing  silver  chromate  with  hydrochloric  acid  and  al- 
cohol, the  chromic  chloride  solution  always  retained  traces 
of  silver  chloride  dissolved  in  it.  These  could  be  precipi- 
tated by  dilution  with  water ;  but,  in  Berlin's  process,  they 
naturally  came  down  with  the  chromium  hydroxide,  mak- 
ing the  weight  of  the  latter  too  higlv  Hence  too  large  a 
value  for  the  atomic  weight  of  chromium.  In  order  to  find 
a  more  correct  value  Siewert  resorted  to  the  analysis  of  sub- 
limed, violet,  chromic  chloride.  This  salt  he  fused  with 
sodium  carbonate  and  a  little  nitre,  treated  the  fiised  mass 
with  water,  and  precipitated  from  the  resulting  solution  the 
chlorine  by  silver  nitrate  in  presence  of  nitric  acid.  The 
weight  of  the  silver  chloride  thus  obtained,  estimated  after 
the  usual  manner,  gave  means  for  calculating  the  atomic 
weight  of  chromium.  His  figures,  reduced  to  a  common 
standard,  give,  as  proportional  to  100  parts  of  chloride  of 
silver,  the  quantities  of  chromic  chloride  stated  in  the  third 
of  the  subjoined  columns : 

*  Zeitschrift  Gesanunt.  Wissenschaften,  17,  530.     1861. 
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.2367  gnn. 

Cr,Cl, 

gave  .6396  gnn. 

Aga. 

37.007 

.2946 

(( 

.7994 

«t 

36.853 

.2593 

ti 

.7039 

36.838 

.4935 

it 

1.3395 

36.842 

.5850 

it 

1.5884 

36.830 

.6511 

« 

1. 76681 

36.852 

.5503 

« 

1. 49391 

36.836 

125 


Mean,  36.865,  d:  .0158 

The  first  of  these  figures  varies  so  widely  from  the  others 
that  we  are  justified  in  rejecting  it;  in  which  case  the  mean 
becomes  36.842,  ±  .0031. 

Siewert  also  made  two  analyses  of  silver  anhydrochromate 
by  the  following  process.  The  salt,  dried  at  120°,  was  dis- 
solved in  nitric  acid.  The  silver  was  then  thrown  down  by 
hydrochloric  acid,  and,  in  the  filtrate,  chromium  hydroxide 
was  precipitated  by  ammonia.  Reduced  to  a  uniform  stan- 
dard, we  find  from  his  results,  corresponding  to  100  parts  of 
AgCl,  Ag,Cr,07,  as  in  ^^®  ^^^  column : 

.7866  grm.  AgjCrJOj  gave  .52202  AgO  and  .2764  Cr^O,.         150.684 
1.089  "  -72249        "         .3840     «•  150.729 


Mean,  150.706,  ±  .015 

Giving  Berlin's  single  estimation  equal  weight  with  one 
of  these,  and  combining,  we  get  a  general  mean  of  150.816, 
±  .074. 

Siewert 's  percentages  of  CrjOj  obtained  from  Ag,Cr,OT, 
are  as  follows,  calculated  from  the  above  weighings. 

35.139 
35-262 


Mean,  35.2005,  ±:  .0415 

Combining,  as  before,  with  Berlin's  single  result,  giving 
the  latter  equal  weight  with  one  of  these,  we  have  a  general 
mean  of  35.236,  ±  .0335. 

For  the  ratto  between  silver  chloride  and  chromic  oxide, 
Siewert's  two  analyses  of  the  anhydrochromate  come  out  as 
follows.    For  100  parts  of  AgCl  we  have  of  CrjOs : 
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52.948 
53.150 

Mean,  53.049,  dz  .068 

This  figure,  reduced  to  the  standard  of  Berlin's  work  on 
the  monochromate,  becomes  26.525,  ±,  .034.  Berlin's  mean 
was  26.682,  ±:  .0076.  The  two  means,  combined,  give  a  gen- 
eral mean  of  26.676,  ±  .074. 

We  may  now  consider  the  ratios  before  us,  which  are  as 
follows : 


I. 
2. 

3- 

4. 

5. 
6. 

7. 

8. 

9. 

(10. 

(II. 


Percentaf^e  Cr,0,  from  AgjCrO^,  23.014,  ±  .on 

Percentage  Cr,0,  from  Ag,Cr,Op  35.236,  ±  .0335 

AgCl  :  AgjCrO^  : :  100  :  115.956,  ±  .023 

AgCl  :  Ag,Cr,Oy  ::  100 :  150.816,  d:  .074 

AgCl :  Cr,Oj  : :  loo  :  26^676,  db  .0074 

Percentage  Cr,0,  in  chromic  sulphate,  39.1946,  d=  .0280 

Percentage  Cr^O,  in  ammonia  chrome  alum,  16.143,  ^  .0125 

BaSO^  :  BaCrO^  : :  loo  :  108.9815,  d:  .0369 

BaCrO^  :  BaCl,  : :  lOO  :  81. 702,  dr  .014 

Molecular  weight  of  K,Cr,Oj,  294.013,  dt  '0697 

AgCl :  CrCl,  : :  lOO  :  36.842,  it  .0031' 


From  these  ratios  we  can  at  once  deduce  five  values  for 
the  molecular  weight  of  OjOa,  as  follows  : 

From  (1) Cr,Oj=  152.612,  ±.  .074 

(2) "     =i5»-905.  =t  .165 

(5) "      =  152.634,  ±  .044 

(6) "      =154.464,^.135 

(7) "     =  154.5",  ±  .125 


« 


ft 


u 


General  mean '* 


'52.855,  ±  .034 


For  barium  chromate  we  get  two  values : 

From  (8) BaCr04  =  253.494,  d=  .094 

"      (9) —      "       =  253.976,  dz  .067 


General  mean 


(t 


From  (3)  we  get  Ag^CiO^ 
"      (4)      "      Ag,Cr,0, 
*«    (II)       "  CrCl, 


=  253.816,  ±  .054 

331.739,  2b  .070 
431.470.  db  .215 
158.102,  dz  .018 


Finally,  from  these  intermediate  data  we  derive  six  values 
for  the  atomic  weight  of  chromium : 
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« 


« 

M 


From  BaCrO^ Cr  =  53.200,  ±  .064 

Cr,Og "  =  52.482,  ±  .018 

AgjCrO^ "   =  52.536,  ifc  .074 

Ag,Cr,0^ "  =  52.188,  ±  .109 

K,Cr,0,  -— _-.  "  =  52.116,  db  .078 

CrCl, "  =  5»-992«  =fc  •<H7 

General  mean "  =  52.453,  rb  .015 

Or,  if  O  =  16 "  =  52.574 

On  account  of  the  wide  discrepancies  between  diflTerent 
data,  and  of  the  known  constant  errors  vitiating  some  of  the 
series  of  experiments,  the  foregoing  general  mean  can  have 
but  little  real  value.  In  fact,  a  careful  consideration  of  all 
the  work  represented  in  it  will  show  that  the  most  accurate 
estimate  of  the  atomic  weight  of  chromium  must  be  deduced 
from  the  experiments  of  either  Berlin,  Kessler,  or  Siewert. 
Berlin's  figures,  taken  by  themselves,  and  combined,  give, 
if  the  single  analysis  of  silver  anhydrochromate  be  assigned 
equal  weight  with  a  single  analysis  in  the  monochromate 
series,  Cr  =  52.389,  db  .019 ;  or,  if  O  =  10,  Cr  =  52.511. 

Siewert's  results,  both  for  chromic  chloride  and  the  silver 
anhydrochromate,  property  combined,  give  Cr  =  52.009, 
dz  .026.  If  O  =  16,  this  value  becomes  Cr  =  52.129.  In 
brief,  the  atomic  weight  of  chromium  may  be  nearly  52.5, 
or  it  may  be  52.  Only  a  revision  of  all  the  experiments 
could  enable  us  to  decide  positively  between  these  values. 
But  as  Siewert  has  pointed  out  probable  sources  of  error  in 
Beriin's  work,  I  am  inclined  to  give  preference  to  the  lower 
value. 


MANGANESE. 

Rejecting  the  early  experiments  of  J.  Davy  and  of  Arf- 
vedson,  the  first  determinations  of  the  atomic  weight  of 
manganese  which  we  encounter  are  those  of  Turner*  and  of 
Berzelius.l"     Both  of  these  chemists  used  the  same  method. 


♦Trans.  Roy.  Soc.  Edin.,  ii,  143.     1831. 
fLehrbuch,  5th  Ed.,  3, 1224. 
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The  chloride  of  manganese  was  fused  in  a  current  of  dry 
hydrochloric  acid,  and  subsequently  precipitated  with  a 
solution  of  silver.  From  the  subjoined  weighings  I  calcu- 
late the  ratio  given  in  the  third  column  between  MnCl,  and 
100  parts  of  AgCl  : 

4.20775  grm.  MnCl,  =    9.575    grai.  AgCl.        «-945  1  g^yj^j^^^ 
3.063  "        =    6.96912        "  43.950/ 

12.47'      grains  MnCI,  =  28.42  grains  AgCl.  43-878 — ^Tamer. 


Mean,  43-924>  db  .015 

Hence  the  molecular  weight  of  MnCl,  is  125.662,  ±  .045. 

Many  years  later  Dumas  *  also  made  the  chloride  of  man- 
ganese the  starting  point  of  some  atomic  weight  determina- 
tions. The  salt  was  fused  in  a  current  of  hydrochloric  acid, 
and  afterwards  titrated  with  a  standard  solution  of  silver 
in  the  usual  way.  100  parts  of  Ag  are  equivalent  to  the 
quantities  of  MnCl,  given  in  the  third  column  : 

3.3672  grm.  Mna,  =  5.774  grm.  Ag.  $8,317 

3.0872  «  5.293        "  58.326 

2.9671  "  50875      "  58.321 

1. 1244  "  1.928        '*  58.320 

I.3134  "  2.251        "  58.321 


Mean,  58.321,  dz  .001 

Hence  MnCl,  =  125.594,  ±  .011.  This,  combined  with 
Berzelius  and  Turner's  figures,  gives  MnCl,  =  125.598, 
dz  .011.    And  Mn  =  54.858,  ±  .031. 

An  entirely  diflTerent  method  of  investigation  was  followed 
by  V.  Hauer,t  who,  as  in  the  case  of  cadmium,  ignited  the 
sulphate  in  a  stream  of  sulphuretted  hydrogen,  and  deter- 
mined the  quantity  of  sulphide  thus  formed. '  I  subjoin  his 
weighings,  and  also  the  percentage  of  MnS  in  MnSOi  as 
calculated  from  them : 


*  Ann.  Giem.  Phann.,  113,  25.  i860, 
t  Journ.  fUr  Prakt.  CHiem.,  72,  360.  1857. 
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4.0626  grm. 

MnSO^ 

gave  2.3425  gnn. 

MnS.        57.660  per  cent 

4-9367 

II 

2.8442 

57.613      " 

5-2372 

ri 

3.0192 

57.649      " 

7.0047 

It 

4.0347 

57.600      " 

4.9175 

i< 

2.8297 

57.543      " 

4.8546 

i( 

2.7955 

57.585      " 

4.9978 

i« 

2.8799 

57.625      " 

4-6737 

i< 

2.6934 

'*                 57.629      " 

4.7240 

i< 

2.7197 

57.572      « 

120 


Hence  Mn  =  54.785,  ±  .031. 


Mean,  57.608,  d=  .008 


This  method  of  v.  Hauer's,  which  seemed  to  give  good 
results  with  cadmium,  is,  according  to  Schneider,*  inappli- 
cable to  manganese ;  for  the  reason  that  the  sulphide  of  the 
latter  metal  is  liable  to  be  contaminated  with  traces  of  oxy- 
sulphide.  Such  an  impurity  would  bring  the  atomic  weight 
out  too  high.  The  results  of  two  different  processes,  one 
carried  out  by  himself  and  the  other  in  his  laboratory  by 
Rawack,  are  given  by  Schneider  in  this  paper. 

Rawack  reduced  manganoso-manganic  oxide  to  manga- 
nous  o;cide  by  ignition  in  a  stream  of  hydrogen,  and  weighed 
the  water  thus  formed.  From  his  weighings  I  get  the  values 
in  the  third  column,  which  represent  the  MujO^  equivalent 
to  one  gramme  of  water : 


4.149  grm. 

Mn,04 

gave 

0.330  gnn.  H,0. 

12.5727 

4.649 

.370 

12.5643 

6.8865 

.5485        " 

12.5552 

7.356 

.5855        " 

12.5636 

8.9445 

.7135 

12.5361 

1.584 

.9225 

12.5572 

Hence  Mn  =  53.911,  ±  .026. 


Mean,  12.5582,  ±  .0034 


Here  the  most  obvious  source  of  error  lies  in  the  possible 
loss  of  water.  Such  a  loss,  however,  would  increase  the 
apparent  atomic  weight  of  manganese;  but  we  see  that 
the  value  found  is  much  lower  than  that  obtained  either  by 
Dumas  or  v.  Hauer. 


9 


*Poggend.  Annal.,  107.  605. 
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Schneider  himself  effected  the  combustion  of  manganous 
oxalate  with  oxide  of  copper.  The  salt  was  not  absolutely 
dry,  so  that  it  was  necessary  to  collect  both  water  and  car- 
bon dioxide.  Then,  upon  deducting  the  weight  of  water 
from  that  of  the  original  material,  the  weight  of  anhydrous 
oxalate  was  easily  ascertained.  Subtracting  from  this  the 
CO,,  we  get  the  weight  of  Mn.  If  we  put  CO,  =  100,  the 
quantities  of  manganese  equivalent  to  it  will  be  found  in 
the  last  column : 

1.5075  gnn.  oxalate  gave  .306  gnn.  H,0  and  .7445  gnn.  CO,.  61.3835 

2.253  "  -4555  "  I- "35        "  61.4291 

3-1935  "  -652  "  1-5745        "  61.4163 

5.073  "  1.028  "  2.507  "  61.3482 

Mean,  61.3943,  d:  .0122 

Hence  Mn  =  53.904,  ±  .014. 

This  result  agrees  beautifully  with  the  value  calculated 
from  Rawack's  experiments. 

Now  to  combine  the  four  independent  values  which  we 
have  thus  far  obtained : 

From  MnCI, Mn  =  54.858,  ±  .031 

"     MnSO^ «    =54.785,^.031 

"     MnjO^ "    =  53.911,  db  .026 

"     MnCjO^ "   =  53.904»  ±  .014 

General  mean "    =  54.128,  dr  .011 

If  O  =  16 "  =  54.251 

The  considerations  already  cited,  however,  go  to  show 
that  this  general  mean  must  be  slightly  a£fected  by  some 
plus  constant  error.  It  is  probable,  therefore,  that  a  more 
correct  figure  will  result  from  rejecting  the  first  and  second 
values  in  the  above  combination,  and  taking  the  data  fur- 
nished by  Rawack  and  Schneider  alone.  Combining  their 
figures,  we  get  as  follows.  Mn  =  53.906,  ±  .012.  Or,  if 
O  =  16,  Mn  =  54.029. 

Since  the  foregoing  calculations  were  made  Dew8ur  and 
Scott  *  have  reported  the  following  experiments.     From  the 

♦Nature,  Sept.  15,  i88i,  p.  470. 
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complete  analysia  of  silver  permanganate,  putting  Ag  =  108 
and  O  =  16,  they  find  in  three  estimations  Mn  =  55.51, 
54-04,  and  54.45.  From  the  analysis  of  pure  MnOj,  made 
from  the  nitrate,  Mn  =  53.3  to  53.6.  Up  to  the  date  of 
writing  a  detailed  account  of  the  methods  employed  has 
not  been  published. 


IRON. 


The  atomic  weight  of  iron  has  been  detennined  almost 
exclusively  from  the  composition  of  ferric  oxide.  Beyond 
this  there  are  only  a  few  comparatively  unimportant  ex- 
periments by  Dumas  relative  to  ferrous  and  ferric  chlorides. 

Most  of  the  eariier  data  relative  to  the  percentage  of  metal 
and  oxygen  in  ferric  oxide  we  may  reject  at  once,  as  set 
aside  by  later  investigations.  Among  this  no  longer  valua- 
ble material  there  is  a  series  of  experiments  by  Berzelius, 
another  by  Dobereiner,  and  a  third  by  Capitaine.  The 
^work  done  by  Stromeyer  and  by  Wackenroder  was  probably 
good,  but  I  am  unable  to  find  its  details.  The  former  found 
30-15  per  cent,  of  oxygen  in  the  oxide  under  consideration, 
while  Wackenroder  obtained  figures  ranging  from  a  mini- 
mum of  30.01  to  a  maximum  of  30.38  per  cent.* 

In  1844  Berzelius  t  published  two  determinations  of  the 
ratio  in  question.  He  oxidized  iron  by  means  of  nitric  acid, 
and  weighed  the  oxide  thus  formed.  He  thus  found  that 
when  O  =  100  Fe  =  350.27  and  350.369. 

Hence  the  following  percentages  of  Fe  in  FejOg. 

70.018 
70.022 


Mean,  70.020,  ±  .0013 

About   the  same  time  Svanberg  and  NorlinJ  published 


-*  For  additional  details  concerning  these  earlier  papers  I  must  refer  to  Oude- 
mans*  monograph,  pp.  140,  141. 

f  Ann.  Chem.  Pharm.,  50,  432.     Berz.  Jahresb.,  25,  43. 
J  Berzelius*  Jahrcsbericht,  25,  42. 
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two  elaborate  series  of  experiments;  one  relating  to  the 
synthesis  of  ferric  oxide,  the  other  to  its  reduction.  In  the 
first  set  pure  piano-forte  wire  was  oxidized  by  nitric  acid, 
and  the  amount  of  oxide  thus  formed  was  determined.  The 
results  were  as  follows : 

1.5257  grm.  Fe  gave  2.1803  g™i*  FCjOj.       69.977  percent.  Fe. 


2.4051 

3.4390 

<f 

69.936 

2.3212 

33194 

« 

69.928 

2.32175 

3-3183 

ff 

69.968 

2.2772 

32550 

u 

69.960 

2.4782 

3-5418 

it 

69.970 

2.3582 

3.3720 

<( 

69.935 

« 

(« 

(f 
<t 


Mean,  69.9534,  d=  .0050 

In  the  second  series  ferric  oxide  was  reduced  by  ignition 
in  a  current  of  hydrogen,  yielding  the  subjoined  percentages 
of  metal : 

2<98353  gnn.  Fe,0,  gave  2.08915  grm.  Fe.   70.025  per  cent. 


2.4x515 

1. 6910 

«« 

70.015 

2.99175 

2.09455 

« 

70.014 

3-5783 

2.505925 

tt 

70.030 

4.1922 

2.9375 

14 

70.072 

3.IOI5 

2.17275 

U 

70.056 

2.6886 

1.88305 

tt 

Mean, 

70.036 

70.0354, 

«< 
« 
(I 
«I 
l< 
<i 


=  .«>S5 

It  is  evident  that  one  or  both  of  these  series  must  be 
vitiated  by  constant  errors,  and  that  these  probably  arise 
from  impurities  in  the  materials  employed.  Impurities  iu 
the  wire  taken  for  the  oxidation  series  could  hardl}"^  have 
been  altogether  avoided,  and  in  the  reduction  series  it  is 
possible  that  weighable  traces  of  hydrogen  may  have  been 
retained  by  the  iron.  At  all  events  it  is  probable  that  the 
errors  of  both  series  are  in  contrary  directions,  and,  there- 
fore, in  some  measure  compensatory. 

In  1844  there  was  also  published  an  important  paper  by 
Erdmann  and  Marchand.*  These  chemists  prepared  ferric- 
oxide  by  the  ignition  of  pure  ferrous  oxalate,  and  submitted 

♦  Joum.  filr  Prakt.  Chem.,  33,  i. 
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it  to  reduction  in  a  stream  of  hydrogen.  Two  sets  of  results 
were  obtained  with  two  different  samples  of  ferrous  oxalate, 
prepared  by  two  different  methods.  For  present  purposes, 
however,  it  is  not  necessary  to  discuss  these  sets  separately. 
The  percentages  of  iron  in  FcjOj  come  out  as  follows : 


70.013 
69.962 
69.979 
70.030 
69.977 

70.044 
70.015 
70.055 


A. 


r 


Mean,  70.0094,  d=  .0080 

In  1850  Maumene's*  results  appeared.  He  dissolved  pure 
iron  ^re  in  aqua  regia,  precipitated  with  ammonia,  filtered 
off  the  precipitate,  washed  thoroughly,  ignited,  and  weighed, 
after  tbe  usual  methods  of  quantitative  analysis.  The  per- 
centages of  Fe  in  FejO,  are  given  in  the  third  column  : 

1.482   grm.  Fe  gave  2. 117  grm.  Fe,0,. 
1.452  "  2.074  " 

1.3585  "  '941 

1.420  "  2.0285 

1.492  "  2.1315        " 

1.554  "  2.220  " 

Mean,  70.0008,  db  .0019 

TVo  more  results,  obtained  by  Rivotf  through  the  reduc- 
tion of  ferric  oxide  in  hydrogen,  remain  to  be  noticed.  The 
percentages  are : 

6931 
69-35 


70.005  per  cent 

70.010 

69.990 

70.002 

69.998 

« 

70.000 

Mean,  69.33,  =t  o'S 


We  liave  thus  before  us  six  series  of  results,  which  we 
may  no'W  combine. 


*Compt.  Rend.,  Oct.  17,  1850. 

t  Ann.  Chem.  Fhann.,  78,  214.     1851. 
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Berzelius 70.020,    d=  .00x3 

Erdmann  and  Marchand... 70.0094,  d-  .0080 

Svanberg  and  Norlin,  Oxyd. 69.9534,  dr  .0050 

"  Reduc 700354.  db  .0055 

Maumen* 70.0008,  d:  .0019 

Rivot 69.33,      ±.013 

General  mean 70.0075,  db  .0010 

From  this  we  get  Fe  =  55.891,  ±  .012 ;  or,  if  O  =  16, 
this  becomes  56.0195. 

Dumas'*  results,  obtained  from  the  chlorides  of  iron,  are 
of  so  little  weight  that  they  might  safely  be  omitted  from 
our  present  discussion.  For  the  sake  of  completeness,  how- 
ever, we  will  include  them. 

Pure  ferrous  chloride,  ignited  in  a  stream  of  hydrochloric 
acid  gas,  was  dissolved  in  water  and  titrated  with  a  silver 
solution  in  the  usual  way.  One  hundred  parts  of  silver  are 
equivalent  to  the  amounts  of  FeCl,  given  in  the  third 
column : 

3.677  grm.  FeCl,  =  6.238  grm.  Ag,  5^-945 

3.924  "  =  6.675        "  58.787 

Mean,  58.866,  db  .053 

Ferric  chloride,  titrated  in  the  same  way,  gave  these  re- 
sults : 


1. 179  grm.  Fe,Cl,  =  2.3475  grm.  Ag.  50.224 

1.242  "  2.471  "  50.263 

Mean,  50.2435,  dr  .0132 

These  give  us  two  additional  values  for  Fe,  as  follows 

From  FeCl, Fe  =  56.028,  ±  .119 

"     FcjCl, "  =  56.189,  dt  .062 


Combining  these  with  the  value  deduced  from  the  com- 
position of  FcjOg,  Fe  =  55.891,  dz  .012,  we  get  this  general 
mean,  Fe  =  55.913,  ±  .012.  If  O  =  16,  this  becomes  Fe  = 
56.042. 

*  Ann.  Chem.  Phann.,  113,  26.     i860. 
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COPPER. 


Tlie  atomic  weight  of  copper  has  been  chiefly  determined 

from  tlie  composition  of  the  black  oxide  and  the  anhydrous 

sulpbate.      In  dealing  with  the  first  named  compound  all 

experimenters  have  agreed  in  reducing  it  with  a  current  of 

hydrogen,  and  weighing  the  metal  thus  set  free. 

Tlie  earliest  experiments  of  any  value  were  those  of  Ber- 
zelins,*  ^whose  results  were  as  follows : 

7.68075  gnn.  CuO  lost  1.55  grm.  O.         79.820  per  cent.  Cu  in  CuO. 
9.61 1 5  "  1.939     "  79.826  «*  " 


Mean,  79.823,  db  .002 

Crdmann  and  Marchand,t  who  come  next  in  chronologi- 
cal order,  corrected  their  results  for  weighing  in  air.  Their 
'vireigliings,  thus  corrected,  give  us  the  subjoined  percentages 
of  metal  in  CuO : 

63.8962  gun.  CuO  gave  51.0391  grm.  Cu.  79.878  per  cent. 

65 -1 590  "  52.0363        "  79.860 

60.2878  "  48.1540        "  79874 

46.2700  "  36.9449        "  79846 


ff 
it 
*t 


Mean,  79.8645,  4=  .0038 

Still  later  we  find  a  few  analyses  by  Millon  and  Com- 
xaaille.t  These  chemists  not  only  reduced  the  oxide  by 
hydrogen,  but  they  also  weighed,  in  addition  to  the  metallic 
<»opj>er,  the  water  formed  in  the  experiments.  In  three  de- 
terminations the  results  were  as  follows : 

6.7145  grm.  CuO  gave  5.3565  grm.  Cuand  1.5325  grm.  H,0.  79-775  P^  «"*• 
3.3945  "  2.7085  "  .7680        "  79-79» 

2.78S0  "  2.2240  grm.  Cu.  79770 

Mean,  79-77^7.  ±   0043 

For  the  third  of  these  analyses  the  water  estimation  was 
not  made,  hut  for  the  other  two  it  yielded  results  which,  in 


♦Poggend.  Annal.,  8,  177. 

t  Joom.  fUr  Prakt.  Chem.,  31,  389.     1844. 

t  Fresenius'  Zeitschrift,  2,  475.     1863. 
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the  mean,  would  make  the  atomic  weight  of  copper  63.087, 
d=  .222.  This  figure  has  so  high  a  probable  error  that  we 
need  not  consider  it  further. 

The  results  obtained  by  Dumas  *  are  wholly  unavailable. 
Indeed,  he  does  not  even  publish  them  in  detail.  He  merely 
says  that  he  reduced  copper  oxide,  and  also  effected  the 
synthesis  of  the  subsulpfaide,  but  without  getting  figures 
which  were  wholly  concordant.    He  puts  Cu  =  63.5. 

Latest  of  all,  and  probably  the  best  also,  we  have  the  de- 
terminations by  Hampe.t  First,  he  attempted  to  estimate 
the  atomic  weight  of  copper  by  the  quantity  of  silver  which 
the  pure  metal  could  precipitate  from  its  solutions.  This 
attempt  failed  to  give  satisfactory  results,  and  he  fell  back 
upon  the  old  method  of  reducing  the  oxide.  From  ten  to 
twenty  grammes  of  material  were  taken  in  each  experiment, 
and  the  weights  were  reduced  to  a  vacuum  standard : 

20.3260  grm.  CuO  gave- 16.2279  grm.  Cu.         79'838  per  cent. 
20.68851  •*  16.51669      "  79-835 

10.10793  "  8.06926      "  79-831 


Mean,  79.8347,  rfc  .0013 

Hampe  also  determined  the  quantity  of  copper  in  the 
anhydrous  sulphate,  CuSO^ .  From  40  to  45  grammes  of  the 
salt  were  taken  at  a  time,  the  metal  was  thrown  down  by 
electrolysis,  and  the  weights  were  all  corrected.  I  subjoin 
the  results : 

40.40300  gmi.  CUSO4  gave  16.04958  grm.  Cu.     39.724  per  cent. 
44.64280  "  17.73466        "  39726      " 

Mean,^39.725,  ±  -0007 

We  now  have  four  series  of  experiments  upon  copper 
oxide,  as  follows : 

Berzelius 79-823,    ±.0020 

Erdmann  and  Marchand "1 79.8645,^.0038 

Millon  and  Commaille .-  79-7787,  ±  .0043 

Hampe 79.8347»  =t  -oo'S 

General  mean . 79.830,    d=  .0010 

*  Ann.  d.  Chim.  et  Phys.,  (3,)  55,  129. 
t  Fresenius*  Zeitschrift,  13,  352. 
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For  copper  we  have — 

From  composition  of  CuO Cu  =  63.181,  ±  .036 

"     CuSO^,  (Hampc) "  =  63.171,  ±  .012 

General  mean "  =  63.173,  ±  .011 

If  O  =  16,  then  Cu  becomes  =  63.318. 

The  close  agreement  between  the  two  independent  values 
for  Cu  is  certainly  very  striking.  It  will  be  seen  that 
Hampe's  two  estimates  upon  the  sulphate  carry  (perhaps 
accidentally)  much  greater  weight  than  all  the  experiments 
upon  the  oxide.  This  might  seem  like  giving  them  undue 
credit,  were  it  not  for  the  fact  of  the  remarkable  concordance 
of  the  results  above  referred  to.  Either  estimate  for  Cu 
would  be  valid  without  the  other. 


MOLYBDENUM. 

If  we  leave  out  of  account  the  inaccurate  determination 
made  by  Berzelius,*  we  shall  find  that  the  data  for  the 
atomic  weight  of  molybdenum  lead  to  two  independent  esti- 
mates of  its  value ;  one  near  92,  the  other  near  96.  The 
earlier  results  found  by  Berlin  and  by  Svanberg  and  Struve 
lead  to  the  4ower  number ;  the  more  recent  work  of  Debray, 
Dumas,  and  Lothar  Meyer  sustains  the  higher.  The  latter 
value  is  the  more  probable,  although  both  may  be  vitiated 
by  constant  errors  in  opposite  directions. 

The  earliest  investigation  which  we  need  especially  to 
consider  is  that  of  Svanberg  and  Struve.  t  These  chemists 
tried  a  variety  of  diflferent  methods,  but  finally  based  their 
conclusions  upon  the  two  following:  first,  molybdenum 
trioxide  was  fused  with  potassium  carbonate,  and  the  car- 
bon dioxide  which  was  expelled  was  estimated ;  secondly, 
molybdenum  disulphide  was  converted  into  the  trioxide  by 

^Poggend.  Annal.,  8,  i.     1826. 

t  Journ.  fUr  Prakt.  Chem.,  44,  301.     1848. 
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roasting,  and  the  ratio  between  the  weights  of  .the  two  sub- 
stances was  determined. 

By  the  first  method  it  was  found  that  100  parts  of  MoO, 
will  expel  the  following  quantities  of  COj : 

3  ".4954 
31-3749 
31.4705 


Mean,  31.4469,  d:  .0248 

The  carbon  dioxide  was  determined  simply  from  the  loss 
of  weight  when  the  weighed  quantities  of  trioxide  and  car- 
bonate were  fused  together.  It  is  plain  that  if,  under  these 
circumstances,  a  little  of  the  trioxide  should  be  volatilized, 
the  total  loss  of  weight  would  be  slightly  increased.  A  con- 
stant error  of  this  kind  would  tend  to  bring  out  the  atomic 
weight  of  molybdenum  too  low. 

By  the  second  method,  the  conversion  by  roasting  of  MoS, 
into  MoOg,  Svanberg  and  Struve  obtained  these  results. 
Two  samples  of  artificial  disulphide  were  taken,  A  and  B, 
and  yielded  for  each  hundred  parts  the  following  of  trioxide: 

89.7919  u 
89.7291  i 


89.6436  1 

89.7082 

89.7660 

89.7640 

89.8635 


B. 


Mean,  89.7523,  db  .0176 

Three  other  experiments  in  series  B  gave  divergent  re- 
sults, and,  although  published,  are  rejected  by  the  authors 
themselves.  Hence  it  is  not  necessary  to  cite  them  in  this 
discussion.  We  again  encounter  in  these  figures  the  same 
source  of  constant  error  which  apparently  vitiates  the  pre- 
ceding series,  namely,  the  possible  volatilization  of  the 
trioxide.  Here,  also,  such  an  error  would  tend  to  reduce 
the  atomic  weight  of  molybdenum. 

Upon  discussing  the  data  given  in  the  foregoing  para- 
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graphs  we  get  somewhat  noticeable  results.  From  the  car- 
bon dioxide  series,  Mo  =  91.711,  ±  .113,  a  figure  having  no 
unusual  interest.  From  the  other  series,  if  S  =  31.987  and 
O  =  15.9633,  we  get  Mo  =  92.979,  ±  .364 ;  but  if  we  take 
S  =  32  and  O  =  16,  then  Mo  becomes  =  92.133.  In  this 
case  the  higher  values  for  oxygen  and  sulphur  lead  to  a 
lower  number  for  molybdenum.  In  the  carbonate  series 
the  assumption  of  12  and  16  for  C  and  0,  respectively,  makes 
Mo  =  92.033.  In  other  words,  if  we  assume  the  ordinary 
even  nambers  for  C,  O,  and  S,  Svanberg  and  Struve's  two 
methods  yield  more  nearly  concordant  results  than  when 
the  revised  values  for  these  elements  are  taken. 

Berlin,*  t,  little  later  than  Svanberg  and  Struve,  deter- 
mined the  atomic  weight  of  molybdenum  by  igniting  a 
molybdate  of  ammonium  and  weighing  the  residual  MoOg. 
Here,  again,  a  loss  of  the  latter  by  volatilization  may  (and 
probably  does)  lead  to  too  low  a  result.  The  salt  used  was 
(NH4)^Mo50i ,.  3  H,0,  and  in  it  these  percentages  of  MoOg 
were  found : 

81.598 
81.612 

81.558 

81.555 


Mean,  81.581,  zt  -0095 

Hence  Mo  =  91.9817,  dr  .0776 ;  a  result  agreeing  quite 
well  with  those  of  Svanberg  and  Struve. 

Until  1859  the  value  92  was  generally  accepted  on  the 
basis  of  the  foregoing  researches,  but  in  this  year  Dumas  t 
pubUshed  some  figures  tending  to  sustain  a  higher  number. 
He  prepared  molybdenum  trioxide  by  roasting  the  disulph- 
ide,  and  then  reduced  it  to  metal  by  ignition  in  hydrogen. 
At  the  beginning  the  hydrogen  was  allowed  to  act  at  a 
comparatively  low  temperature,  in  order  to  avoid  volatiliza- 
tion of  trioxide ;  but  at  the  end  of  the  operation  the  heat 


*  Joum.  iUr  Prakt.  Chem.,  49,  444.     1850. 
t  Ann.  Chem.  Pharm.,  105,  84,  and  113,  23. 
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was  raised  sufficiently  to  insure  a  complete  reduction.    From 
the  weighings  I  calculate  the  percentages  of  metal  in  MoO,  : 


448  grm.  M0O3  gave  .299  gnn. 

Mo. 

66.741  per  cent 

484               "               .323 

(« 

66.736      " 

484              "               .322 

t« 

66.529      " 

498               "               .332 

II 

66.667      " 

559              "              .373 

<i 

66.726      " 

388              "              .258 

II 

66.495      - 

Mean,  66.649,  ^  •^30 

In  1868  the  same  method  was  employed  by  Debray.*  His 
trioxide  was  puriified  by  sublimation  in  a  platinum  tube. 
His  percentages  are  as  follows : 

5.514  gnn.  M0O3  gave  3.667  grm.  Mo.  66.503  per  cent. 

7.910  "  5-265        "  66.561 

9.031  «»  6.015        "  66.604 


«« 


Mean,  66.556,  +  .020 

This  mean,,  combined  with  that  of  Dumas',  gives  a  gen- 
eral mean  of  66.585,  ±  .017. 
Hence  Mo  =  95.429,  ±  Ml. 

Debray  also  made  two  experiments  upon  the  precipitation 
of  molybdenum  trioxide  in  ammoniacal  solution  by  nitrate 
of  silver.  In  his  results,  as  published,  there  is  curious  dis- 
crepancy, which,  I  have  no  doubt,  is  due  to  typographical 
error.  These  results  I  am,  therefore,  compelled  to  leave  out 
of  consideration.  They  could  not,  however,  exert  a  very 
profound  influence  upon  the  final  discussion. 

The  most  recent  investigation  upon  the  atomic  weight  of 
molybdenum  is  the  discussion  by  Lothar  Meyer  t  of  the 
experimental  results  obtained  by  Liechti  and  Kemp  J  in 
their  analyses  of  the  chlorides.  Of  these  compounds  there 
are  four:  MoCl,,  MoCl,,  MoCl^,  and  MoCl^.  The  chlorine  in 
each  was  estimated  as  silver  chloride,  and  the  molybdenum 
as  disulphide.    From  these  analyses  Meyer  deduces  three 


♦  Compt.  Rend.,  66,  734. 

t  Ann.  Chem.  Pharm.,  169,  365.     1873. 

X  Ann.  Chem.  Pharm.,  169,  344. 
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sets  of  ratios,  namely :  between  MoCIq  and  n  AgCl ;  between 
MoCIq  and  MoS,,  and  between  MoSa  and  n  AgCl.  We  will 
use  only  the  first  and  last  of  these ;  the  probable  error  of 
the  atomic  weight  deduced  from  the  second  being  relatively 
so  high  as  to  make  the  value  connected  with  it  compara- 
tively unimportant.  The  analyses  of  the  trichloride,  being 
discordant,  are  here  rejected. 

By  reducing  the  weighings  published  by  Liechti  and 
Kemp*  to  a  common  standard  we  get  the  following  per- 
centage results.  In  MoCl,  the  subjoined  quantities  of  the 
original  substance  and  of  MoS^  correspond  to  100  parts  of 
Aga: 

MoCl^.  MoS^ 

58.299  55.762 

58.194  55.591 

58.524  56065 


Mean,  58.339,  d^  .066  Mean,  55.806,  ±.  .093 

Hence  MoCl,  =  166.902,  ±  .188,  and  MoS,  =  159.652, 
±L  .268. 

With  the  tetrachloride  similarly  calculated  we  get  these 
figures,  corresponding  to  100  parts  AgCl  : 

MoCl^.  MoS^. 

41.492  27.957 

4i.3»9 


Mean,  4i.4055»  :*=  0583 

Hence  MoCl^  =  236.914,  ±  .358,  and  MoS„  if  given  the 
weight  of  a  single  experiment  in  the  dichloride  series, 
=  159.964,  ±  .627. 


*  These  are  as  follows : 

.2666  grm.  MoCl,  gave  .2550  grm. 
.1811                "                .1730 

MoS, 

and  .4573  grm.  AgCl. 
.3112          " 

.2530                "               .2422 
.4126  grm.  MoCl^  gave  .2780 

.1923                "                 

.5810  grm.  MoCl^  gave  .3414 
.2466               "               .1441 

.4320  , 

.9944 

.4654 
1.5222 

.6465 

« 
«< 
«« 
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For  the  pentachloride  the  following  quantities  balance 
100  of  AgCl : 

MoCl^,  MoSy 

38.168  22.428 

38.057  22.289 

Mean,  38.112,  db  .038  Mean,  22.3585,  ±:  .040 

Hence  MoCl,  =  272.587,  ±  .271,  and  MoS,  =  159.914, 

±  .287. 

We  have  now  the  molecylar  weight  of  each  chloride,  and 
three  values  for  that  of  the  disulphide.'  Combining  the  lat- 
ter we  get  a  general  mean,  as  follows : 

From  MoCl,  series MoS,  =  159.652,  d=  .268 

"      M0CI4     **     "      =  159.964,  dr  .627 

"     M0CI5    "     "     =  I59.9I4»  ±  .287 

General  mean "     =  159.790,  ±  .187 

With  these  data,  in  addition  to  those  given  by  Dumas 
and  by  Debray,  we  get  five  estimates  of  the  atomic  weight 
of  molybdenum : 

Dumas  and  Debray's  data Mo  =  95.429,  d=  .057 

From  molecular  weight  of  MoCl, "    -=  96.262,  ±  .190 

MoCl^ "    =  95^434.  db  .363 


t(  i( 


MoClj "    =  95-737.  ±   280 

"  "  MoS, "    =95.816,  ±  .188 

General  mean ^ "    ^95.527,  ±  .051 

Or,  if  0  =  16,  Mo  =  95.747. 

It  will  at  once  be  seen  that  the  most  reliable  results  are 
those  obtained  by  the  reduction  of  molybdenum  trioxida 
Traces  of  oxychlorides  may  possibly  have  contaminated  the 
chlorides  and  augmented  their  atomic  weight.  Our  final 
figure,  therefore,  may  be  a  trifle  too  high,  but  the  early 
value,  92,  is  unquestionably  very  far  too  low. 

Since  the  foregoing  discussion  was  written  a  single  experi- 
ment by  Rammelsberg  *  has  been  brought  to  my  netice. 

*  Berlin  Monatsbericht,  1877,  574. 
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Closely  following  Dumas'  method,  he  reduced  molybdenum 
trioxide  to  metal,  finding  in  it  66.708  per  cent,  of  the  latter. 
This  figure  comes  within  the  limits  of  variation  of  Dumas' 
experiments^  and  therefore  gives  them  additional  confirma- 
tion. Its  introduction  into  the  general  mean,  however, 
would  exert  too  little  influence  upon  the  latter  to  justify  the 
labor  of  recalculation. 


TUNGSTEN. 


The  atomic  weight  of  tungsten  has  been  determined  fi:om 
analyses  of  the  trioxide,  the  hexchloride,  and  the  tungstates 
of  iron,  silver,  and  barium. 

The  composition  of  the  trioxide  has  been  the  subject  of 
many  investigations.  Malaguti*  reduced  this  substance  to 
the  blue  oxide,  and  firom  the  difference  between  the  weights 
of  the  two  compounds  obtained  a  result  now  known  to  be 
considerably  too  high.  In  general,  however,  the  method  of 
investigation  has  been  to  reduce  WO  3  to  W  in  a  stream  of 
hydrogen  at  a  white  heat,  and  afterguards  to  reoxidize  the 
metal,  thus  getting  from  one  sample  of  material  two  results 
for  the  percentage  of  tungsten.  This  method  is  unquestion- 
ably accurate,  provided  that  the  trioxide  used  be  pure. 

The  first  experiments  which  we  need  consider  are,  as 
usual,  those  of  Berzelius.f  899  parts  WO 3  gave,  on  reduc- 
tion, 716  of  metal.  676  of  metal,  reoxidized,  gave  846  WO3. 
Hence  these  percentages  of  W  in  WO  3 : 

79.644,  by  reduction. 
79.905,  by  oxidation. 

Mean,  79.7745,  d=  .0880 

These  figures  are  far  too  high,  the  error  being  undoubt- 
edly due  to  the  presence  of  alkaline  impurity  in  the  trioxide 
employed. 


*  Journ.  filr  Prakt.  Chem.,  8,  179.     1836. 
f  Poggend.  Annal.,  8,  i.     1826. 
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Next  in  order  of  time  comes  the  work  Qf  Schneider,*  who, 
with  characteristic  carefukiess,  took  every  precaution  to  get 
pure  material.    His  percentages  of  tungsten  are  as  follows : 

Reduction  Series, 
79.336 
79254 
793" 
79.326 

79.350 

Mean,  79.3156,  ±  .0H2 

Oxidation  Series, 
79.329 
79.324 
79.328 


Mean,  79.327,  i  .0010 

Closely  agreeing  with  these  figures  are  those  of  Marchand.'^ 
published  in  the  following  year : 

Reduction  Series. 

79.307 
79.302 

Mean,  79.3045»  .0017 
Oxidation  Series. 

79.321 
79352 


Mean,  79-3365»  ±  .0105 

The  figures  obtained  by  v.  BorchJ  agree  in  mean  tolerably 
well  with  the  foregoing.    They  are  as  follows : 

Reduction  Series, 

79.3»o 
79.212 

79.289 
79. 3' 3 
79.225 
79.290 

79.302 
Mean,  79.277,  *d-  .0106 


*  Joum.  fUr  Prakt.  Chem.,  50,  152.     1850. 
f  Ann.  Chem.  Pharm.,  77,  261.     1851. 
J  Joura.  fUr  Prakt.  Chem.,  54.  254.     1851. 
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Oxidation  Series* 

79359 
79-339 


Mean,  79.349,  ±  .0067 

Dumas  "^  gives  only  a  reduction  series,  based  upon  trioxide 
obtained  by  the  ignition  of  a  pure  ammonium  tungsten. 
The  reduction  was  effected  in  a  porcelain  boat,  platinum 
being  objectionable  on  account  of  the  tendency  of  tungstate 
to  alloy  with  it.  Dumas  publishes  only  weighings,  from 
which  I  have  calculated  the  percentages : 


2.784 

grm. 

WO, 

gave 

2.208 

grm. 

W. 

79.310  per  cent. 

2.994 

2.373 

«( 

79.259      " 

4.600 

3.649 

« 

79.326      " 

.985 

.781 

«( 

79.289      " 

.917 

.727 

«( 

79.280      " 

.917 

.728 

<i 

79.389      " 

1.717 

1.362 

it 

79.324      " 

2.988 

2.370 

« 

79.317      " 

Mean,  79.312,  db  .009 

The  data  furnished  by  Bernoulli  t  difiFer  widely  from  those 
just  given.  This  chemist  undoubtedly  worked  with  impure 
material,  the  trioxide  having  a  greenish  tinge.  Hence  the 
results  are  too  high.    These  are  the  percentages  of  W : 

Reduction  Series. 

79-556 
79.526 

79.553 
79.558 

79-549 
78.736 

Mean,  79.413,  ifc  .091 

Oxidation  Series. 

79.558 
79.656 

79.555 
79.554 


Mean,  79.581,  db  .017 


^  Ann.  Chem.  Phann.,  113,  23.     i860, 
t  Poggend.  Annal.  ,111,573.     1 860. 

10 
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Two  reduction  experiments  by  Persoz  *  give  the  following 
results : 

1.7999  ff"^'  ^O,  gave  1.4274  grm.  W.  79*304  per  cent. 

2.249  "  ''784  **  79.324      " 

Mean,  79.314,  d=  .007 

Finally,  we  have  the  work  done  by  Roscoe.t  This  chem- 
ist used  a  porcelain  boat  and  tube,  and  made  six  weighings, 
after  successive  reductions  and  oxidations,  with  the  same 
sample  of  7.884  grammes  of  trioxide.  These  weighings 
give  me  the  following  five  percentages,  which,  for  the  sake 
of  uniformity  with  foregoing  series,  I  have  classified  under 
the  usual,  separate  headings : 

Reduction  Series, 

79.196 
79.285 

79308 
Mean,  79.263,  dt  .023 

Oxidation  Series. 

79-230 
79.299 

Mean,  79.2645,  db  .0233 

There  are  still  other  experiments  by  Riche,t  which  I  have 
not  been  able  to  get  in  detail.  They  cannot  be  of  any  value, 
however,  for  they  give  to  tungsten  an  atomic  weight  of  about 
ten  units  too  low.  We  may  therefore  neglect  this  series, 
and  go  on  to  combine  the  others : 

Berzelius 79-7745f  ±  -088 

Schneider,  Reduction.. _ 79- 3 'S^,  d=  .0112 

"         Oxidation 79-327,    ±.0010 

Marchand,  Reduction 79-3045,  db  .0017 

«         Oxidation 79-3365,  =i=  .0x05 

V.  Borch,  Reduction 79-277,    i  .0106 

"        Oxidation 79-349.    ±.0067 


.  *  Zeit.  Anal.  Chem.,  3,  260.     1864. 
t  Ann.  Chem.  Pharm.,  162,  368.     1872. 
J  Journ.  fiir  Prakt.  Chem.,  69,  10.     1857. 
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Dumas 79-312,    db  .009 

Bemottilli,  Reduction 79'4X3>    zt.  .091 

"  Oxidation 79-58if    db  .017 

Persoz 79-314.    ±  -007 

Roscoe,  Reduction 79-263,    ±.023 

"      Oxidation 79-2645,^1.0233 

General  mean 79.3215,  db  .00085 

The  rejection  of  the  figures  given  by  Berzelius  and  by 
Bernoulli  exerts  an  unimportant  influence  upon  the  final 
r^ult.  There  is,  therefore,  no  practical  objection  to  retain- 
ing them  in  the  discussion.  . 

In  1861  Scheibler*  deduced  the  atomic  weight  of  tungsten 
from  analyses  of  barium  metatungstate,Ba0.4WOj.9H30. 
In  four  experiments  he  estimated  the  barium  as  sulphate, 
getting  closely  concordant  results,  which  were,  however,  very 
far  too  loTv.  These,  therefore,  are  rejected.  But  from  the 
percentage  of  water  in  the  salt  a  very  good  result  was 
attained.     The  percentages  of  water  are  as  follows : 

13-053 

13-054 

13-045 
13.010 

13.022 

Mean,  13.0368,  dr  .0060 

The  -work  of  Zettnow,t  published  in  1867,  was  somewhat 
more  complicated  than  any  of  the  foregoing  researches.  He 
prepared  the  pure  tungstates  of  silver  and  of  iron,  and  from 
their  com  j>osition  determined  the  atomic  weight  of  tungsten. 

In  the  case  of  the  iron  salt  the  method  of  working  was 
this :  The  pure,  artificial  FeW04  ^^  fused  with  sodium 
carbonate,  the  resulting  sodium  tungstate  was  extracted  by 
water,  and  the  thoroughly  washed,  residual  ferric  oxide  was 
dissolved  in  hydrochloric  acid.  This  solution  was  then  re- 
duced by  zinc,  and  titrated  for  iron  with  potassium  perman- 
ganate.     Corrections  were  applied  for  the  drop  in  excess  of 

*  Joum.  fUr  Prakt.  Chem.,  83,  324. 
t  Po^end.  Annal..  130,  30. 
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permanganate  needed  to  produce  distinct  reddening,  and 
for  the  iron  contained  in  the  zinc.  11.956  grammes  of  the 
latter  metal  contained  iron  corresponding  to  0.6  cc.  of  the 
standard  solution.  The  permanganate  was  standardized 
by  comparison  with  pure  ammonium-ferrous  sulphate, 
Am,Fe(S04),.  6  H,0,  so  that,  in  point  of  fact,  Zettnow  es- 
tablishes directly  only  the  ratio  between  that  salt  and  the 
ferrous  tungstate.  From  Zettnow's  four  experiments  in 
standardizing  I  find  that  1  cc.  of  his  solution  corresponds  to 
0.0365457  grammes  of  the  double  sulphate,  with  a  probable 
error  of  ±  .0000012. 

Three  sets  of  titrations  were  made.  In  the  first  a  quantity 
of  ferrous  tungstate  was  treated  according  to  the  process 
given  above ;  the  iron  solution  was  diluted  to  500  cc,  and 
four  titrations  made  upon  100  cc.  at  a  time.  The  second 
set  was  like  the  first,  except  that  three  titrations  were  made 
with  100  cc.  each,  and  a  fourth  upon  150  cc.  In  the  third 
set  the  iron  solution  was  diluted  to  300  cc,  and  only  two 
titrations  upon  100  cc.  each  were  made.  In  sets  one  and 
two  thirty  grammes  of  zinc  were  used  for  the  reduction  of 
each,  while  in  number  three  but  twenty  grammes  were  taken. 
Zettnow's  figures,  as  given  by  him,  are  quite  complicated ; 
therefore  I  have  reduced  them  to  a  common  standard.  After 
applying  all  corrections  the  following  quantities  of  tung- 
state, in  grammes,  correspond  to   1  cc.  of  permanganate 

solution  : 

.028301 


•  First  set. 


.028291 
.028311 
.028301 

.028367  ^ 
.028368  I 
.028367  K  Second  set. 

.028367  J 

•028438  I  Third  set. 
.028438  i 


Mean,  .0283549,  db  .0000115 

With  the  silver  tungstate,  Ag,W04,  Zettnow  employed 
two  methods.    In  two  experiments  the  substance  was  de- 
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composed  by  nitric  acid,  and  the  silver  thus  taken  into  sohi- 
tion  was  titrated  with  standard  Sodium  chloride.  In  three 
others  the  tungstate  was  treated  directly  with  common  salt, 
and  the  residual  silver  chloride  collected  and  weighed. 
Here  again,  on  account  of  some  complexity  in  Zettnow's 
figures,  I  am  compelled  to  reduce  his  data  to  a  common 
standard.  To  100  parts  of  AgCl  the  following  quantities  of 
AgjWO^  correspond: 

By  First  Method. 

161.665 
•      161.603 


Mean,  i6i.634»  d=  .021 

By  Second  Method, 

161.687 
161.651 
161.61J 


Mean,  161.650,  d=  .014 
General  mean  from  both  series,  161.645,  4=  .012 

Finally,  we  have  two  analyses  by  Roscoe  of  tungsten  hex- 
chloride,  published  in  the  same  paper  with  his  results  upon 
the  trioxide.  ,In  one  experiment  the  chlorine  was  deter- 
mined as  AgCl ;  in  the  other  the  chloride  was  reduced  by 
hydrogen,  and  the  residual  tungsten  estimated.  By  bring- 
ing both  results  into  one  form  of  expression  we  have  for  the 
percentage  of  chlorine  in  WClj :  * 

53.588 
53632 

Mean,  53.610,  rb  .015 

We  have  now  five  ratios  from  which  to  calculate  the 
atomic  weight  of  tungsten : 

(I.)  Percentage  of  W  in  WO3,  79-32«5.  db  .00085 

(2.)  Percentslge  of  H,0  in  Ba0.4WOj.9H,0,  13.0368,  db  .0060 


*  The  actual  6gures  are  as  follows  : 

19.5700  gnn.  WCljgave  42.4127  grm.  AgCl. 
10.4326  "  4.8374     "     tungsten. 
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(3.)  Am,Fe(S04),.6H,0  :  FeWO^  :  :  .0365457,  d=  .0000012  :  .0283549, 

.0000115 
(4.)  AgCl :  AgjWO^  : :  100  :  161.645,  db  .012 
(5.)  Percentage  of  CI  in  WCl^,  53.610,  ±  .015 

From  these  we  get  five  values  for  tungsten,  as  follows : 

From  (i) W=r  183.703,  db  .041 

"  (2) "  =  183.532.  =h  .156 

"  {3) "  =  183.923,  d=  .120 

"  (4) "  =  183.248,  ±  .069 

«  (5) "  =  183.639,  ±  .109 

General  mean... "  :±=  183.610,  ±  .032 

Or,  if  O  =  16,  then  "  =  184.032 


URANIUM. 

It  is  not  the  purpose  of  the  present  investigation  to  ex- 
amine at  all  systematically  such  questions  as  are  involved 
in  the  discussion  whether  the  atomic  weight  of  uranium  is 
120  or  240.  For  convenience  we  may  use  the  formulsB  based 
upon  the  smaller  number,  and,  if  eventually  the  larger  value 
proves  to  be  correct,  it  will  be  easy  to  double  the  figures 
which  we  obtain.  Suffice  it  to  say  here,  that  the  specific 
heat  of  the  green  oxide,  according  to  Donath,*  agrees  best 
with  the  formula  U8O4  and  the  lower  atomic  weight.  On 
the  other  hand,  the  value  240  fits  best  into  such  schemes  as 
that  given  by  Mendelejeff  in  his  paper  on  the  periodic  law. 
An  accurate  determination  of  the  specific  heat  of  the  metal 
itself  is  much  needed,  for  the  material  with  which  Regnault 
worked  was  of  uncertain  quality ;  furthermore,  the  vapor 
density  of  some  volatile  uranium  compounds  ought  to  be 
ascertained.f     Until  some  such  data  have  been   rigidly 

*Ber.  d.  Deutsch.  Chem.  Gesell.,  12,  742.     1879. 

f  The  value  of  240  for  uranium  is  strongly  sustained  by  the  recent  experiments 
of  Zimmermann  upon  the  vapor  density  of  the  tetrachlorid  and  tetiabiomidL  For 
UBr^  the  vapor  density  is  19.46,  while  theory  (U  =  240)  requires  19.36.  For 
UCI4  the  v.  d.  13.33  was  found.  Theory,  13.21.  (Ber.  der  Deutsch.  Chem. 
Gesell.,  14,  s.  1934.     1881.] 
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established  the  controversy  over  the  two  rival  values  can 
hardly  be  satisfactorily  settled. 

The  earlier  attempts  to  determine  the  atomic  weight  of 
uranium  were  all  vitiated  by  the  erroneous  supposition  that 
the  uranous  oxide  was  really  the  metal.  The  supposition, 
of  course,  does  not  affect  the  weighings  and  analytical  data 
which  were  obtained,  although  these,  from  their  discordance 
with  each  other  and  with  later  and  better  results,  have  now 
only  a  historical  value. 

For  present  purposes  the  determinations  made  by  Berze- 
lius,*  by  Arfvedson,t  and  by  Marchand,t  may  be  left  quite 
out  of  account.  Berzelius  employed  various  methods,  while 
the  others  relied  upon  estimating  the  percentage  of  oxygen 
lost  upon  the  reduction  of  U8O4  to  UO.  Rammelsberg's|| 
results  also,  although  very  suggestive,  need  no  full  discus- 
sion. He  analyzed  the  green  chloride,  UCl , ;  effected  the 
synthesis  of  uranyl  sulphate  from  uranous  oxide ;  determined 
the  amount  of  residue  left  upon  the  ignition  of  the  sodio 
and  bario-uranic  acetates ;  estimated  the  quantity  of  mag- 
nesium uranate  formed  from  a  known  weight  of  UO,  and 
attempted  also  to  fix  the  ratio  between  the  green  and  the 
black  oxides.  His  figures  vary  so  widely  that  they  could 
count  for  little  in  the  establishing  of  any  general  mean ; 
and,  moreover,  they  lead  to  estimates  of  the  atomic  weight 
which  are  mostly  below  the  true  value.  For  instance,  twelve 
lots  of  UjO^  from  several  different  sources  were  reduced  to 
UO  by  heating  in  hydrogen.  The  percentages  of  loss  varied 
from  3.83  to  4.67,  the  mean  being  4.121.  These  figures  give 
values  for  the  atomic  weight  of  uranium  ranging  from  92.66 
to  117.65,  or,  in  mean,  107.50.  Such  discordance  is  due 
partly  to  impurity  in  some  of  the  material  studied,  and 
illustrates  the  difficulties  inherent  in  the  problem  to  be 
solved.    Some  of  the  uranoso-uranic  oxide  was  prepared  by 

*Schweigg.  Joum.,  22,  336.     1818.     Poggend.  Annal.,  i,  359.     1825.  ^ 
fPoggend.  Annal.,  i,  245.     Berz.  Jahr.,  3,  120.     1822. 
t  Joum.  fUr  Prakt.  Chcm.,  23,  497.     1841. 

[Poggend.  Annal.,  55,  318,  1842;  56,  125,  1842;  59,  9,  1843;  66,  91,  1845. 
Joam.  filr  Prakt.  Chem.,  29,  324. 
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calcining  the  oxalate,  and  retained  an  admixture  of  car* 
bon.  Many  such  points  were  worked  up  by  Rammelsberg 
with  much  care,  so  that  his  papers  should  be  scrupulously 
studied  by  any  chemist  who  contemplates  a  redetermination 
of  the  atomic  weight  of  uranium. 

In  1841  and  1842  Peligot  published  certain  papers*  show- 
ing that  the  atomic  weight  of  uranium  must  be  somewhere 
near  120.  A  few  years  later  the  same  chemist  published 
fuller  data  concerning  the  constant  in  question,  but  in  the 
time  intervening  between  his  earlier  and  his  final  researches 
other  determinations  were  made  by  Ebelmen  and  by  Wer- 
theim.  These  investigations  we  may  properly  discuss  in 
chronological  order.  For  present  purposes  the  early  work 
of  Peligot  may  be  dismissed  as  only  preliminary  in  charac- 
ter. It  showed  that  what  had  been  previously  regarded  as 
metallic  uranium  was  in  reality  an  oxide,  but  gave  figures 
for  the  atomic  weight  of  the  metal  which  were  merely 
approximations. 

Ebelmen'sf  determinations  of  the  atomic  weight  of  urani- 
um were  based  upon  analyses  of  uranic  oxalate.  This  salt 
was  dried  at  100°,  and  then,  in  weighed  amount,  ignited  in 
hydrogen.  The  residual  uranous  oxide  was  weighed,  and 
in  some  cases  converted  into  U8O4  by  heating  in  oxygen. 
The  following  weights  are  reduced  to  a  vacuum  standard: 

10.1644  grm.  oxalate  gave  7.2939  grm.  UO. 

12.9985  "  9*3312  **           Gain  on  oxidation,  .3685 

11.8007  "  8.4690  **                         "                .3275 

9.9923  "  7.1731  "                         "                .2812 

11.0887  "  7.9610  "                         «•               .3105 

10.0830  "  7-2389 

6.7940  '•  4.8766 

16.0594  "  11.5290  "                         «•                .4531 

Reducing  these  figures  to  percentages,  we  may  present 
the  results  in  two  columns.  Column  A  gives  the  percentages 
of  UO  in  the  oxalate,  while  B  represents  the  amount  of 
UgO^  formed  from  100  parts  of  UO: 


*Compt.  Rend.,  12,  735.     1841.      Ann.  Chim.  Phys.,  (3,)  55.     1842. 
t  Joum.  fiir  Prakt.  Chem.,  27,  385.     1842. 
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A. 

B. 

71.924 

71.787 

103.949 

71.767 

103.867 

71.621 

103.920 

71794 

103.900 

71.793 

.. — .. 

71.778 

71.790 

103.930 

153 


Mean,  71.782,  db  .019  Mean,  103.913,  d=  .009 

From  column  A,  the  molecular  weight  of  UO  =  134.523,  zt.  .102 

B,  "  "  =  135.985.  ±  .326 


General  mean .„. UO  =  134.652,  d:  .097 

From  column  A „■> U  =  118.560 

"  B "  =  120.022 

From  general  mean  of  both  columns  .."  ==  118.689,  rh  .097 

Wertheim's  *  experiments  were  even  simpler  in  character 

than  those  of  Ebelmen.     Sodio-uranic  acetate,  carefully 

dried  at  200°,  was  ignited,  leaving  the  following  percentages 

of  sodium  uranate : 

67.51508 

67.54558 
67.50927 


Mean,  67.52331,  dr  .0076 

Hence  the  molecular  weight  of   Na2U407  =  634.865, 
dz  .191.    And  U  =  119.282,  =4=  .048. 

The  final  results  of  Peligot'sf  investigations  appeared  in 
1846.  Both  the  oxalate  and  the  acetate  of  uranium  were 
studied  and  subjected  to  combustion  analysis.  The  oxalate 
was  scrupulously  purified  by  repeated  crystallizations,  and 
thirteen  analyses,  representing  diflferent  fractions,  were  made. 
Seven  of  these  gave  imperfect  results,  due  to  incomplete 
purification  of  the  material ;  six  only,  from  the  later  crys- 
tallizations, need  to  be  considered.    In  these  the-uranium 


*  Jonm.  fllr  Prakt.  Chem.,  29,  209.     1S43. 
t  Compt.  Rend.,  22,  487. 
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was  weighed  as  U8O4,  and  the  carbon  as  CO,.  From  the 
ratio  between  the  CO,  and  U8O4  the  atomic  weight  of 
uranium  may  be  calculated  without  involving  any  error 
due  to  traces  of  moisture  possibly  present  in  the  oxalate. 
I  subjoin  Peligot's  weighings,  and  give,  in  the  third  column, 
the  UgO^  proportional  to  100  parts  of  CO,: 


COy 

U^O,. 

Ratio, 

1.456  grin. 

4.649  gnu. 

3»9.299 

1.369    " 

4.412     " 

322.279 

2.209    " 

7.084    " 

320.688 

1.019    " 

3.279    " 

321.786 

1.069    " 

3.447    " 

322.461 

1.052     " 

3.389    " 

322.148 

Hence  UjO^  =  423.342,  i  .451. 


Mean,  32i.443»  d=  .338 


From  the  acetate,  C,H3(U0)0,.H,0,  the  following  per- 
centages of  U3O4  were  obtained : 


5.061  gnn.  acetate  gave  3.354  gnn.  UjO^. 

4.601  "  3.057 

1.869  •  "  1.238 

3.817  "  2.541 

10.182  "  6.757 

4.393  "  2.920 

2.868  "  1.897 


i< 


ti 


i< 


If 


II 


ii 


66.2715  per  cent. 

66.4421 

66.2386 

66.5706 

66.3622 

66.4694 

66.1437 


Mean»  66.3569,  d:  .038 

The  acetate  also  yielded  the  subjoined  percentages  of 
carbon  and  of  water.  Assuming  that  the  figures  for  carbon 
were  calculated  from  known  weights  of  dioxide,  with  C  =  12 
and  0  =  16, 1  have  added  a  third  column,  in  which  the 
carbon  percentages  are  converted  into  percentages  of  CO,: 


H^O, 

C. 

COy 

21.60 

11.27 

41.323 

21.16 

11.30 

41.433 

21.10 

11.30 

41.433 

21.20 

II. 10 

40.700 

Mean,  21.265,  db  .187     11.24 


41.222, 


.092 
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From  all  of  these  figures  we  may  calculate  the  molecular 
weight  of  the  uranic  acetate  as  follows : 

From  percentage  of  UjO^ C,H,(UO)0,.  H,0  =  212.629,  dz    .242 

CO, "  =  212.999,  d=    .476 

H,0 "  =  211. 184,  ±  1.863 


General  mean "  =  212.685,  ±    '214 

We  have  now  before  us  the  molecular  w^eights  of  four 
uranium  compounds,  giving  us  four  values  for  U : 

(i.)  UO  =  134.652,  dt  .097 Ebelmen. 

(2.)  Na^U^Oy  =  634.865,  dr  .191  -— -Werthcim. 

(3-)  UjO^  =  423.342,  db  .451 Peligot. 

(4.)  C,H,(UO)0,.HjO  =  212.685,  ±  -214  -     " 

The  four  values  for  uranium  combine  as  follows : 

From  (i) U  =  118.689,  i  '097  Ebelmen. 

"      (2) "  =  119.282,  ifc  .048  Wertheim. 

"      (3) "  =  "9.830,  =b  .150  Peligot. 

"     (4) "  =  119-885,  dt  .215  " 


General  mean "  =  1 19.241,  =h  .041 

Or,  if  O  =  16,  U  =  119.515,  or  239.030.     ' 

Considering  Peligot's  figures  by  themselves,  and  combin- 
ing values  3  and  4,  we  have  U  =  119.849,  ±  .123 ;  or,  if 
0  =  16,  U  =  120125,  or  240.250. 

It  is  plain  that  the  atomic  weight  of  uranium  needs  to  be 
scrupulously  revised.  The  foregoing  figures  are  by  no 
means  satisfactory.  Chemically  considered,  it  is  probable 
that  Peligot's  work  is  the  best,  and  that  his  results  should 
be  given  preference.  His  figures  from  the  oxalate  and  the 
acetate  tally  well  with  each  other,  whereas  Ebelmen's  two 
sets  of  results  vary  widely.  From  the  pei'centage  of  UO 
yielded  by  the  oxalate,  Ebelmen's  figures  give  a  low  value 
for  U.  From  his  oxidation  of  UO  to  U3O4  we  get  a  value 
nearly  two  units  higher.  Peligot,  in  his  work  with  the 
oxalate,  found  it,  even  after  three  or  four  crystallizations, 
to  be  contaminated  with  oxalic  acid,  and  rejected  the  figures 
obtained  from  impure  material.  Probably  Ebelmen's  low 
values  are  due  to  the  same  impurity. 
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ALUMINUM. 

The  atomic  weight  of  aluminum  has  been  determined  by 
Berzelius,  Mather,  Tissier,  Dumas,  Isnard,  Terreil,  and 
Mallet.  The  early  calculations  of  Davy  and  of  Thomson 
we  may  properly  disregard. 

Berzelius'  *  determination  rests  upon  a  single  experiment 
He  ignited  10  grammes  of  dry  aluminum  sulphate, 
Al, (804)3,  and  obtained  2.9934  grammes  of  AljO,  as  resi- 
due.   Hence,  if  S  =  31.987  and  0  =  15.9633,  Al  =  27.243. 

In  1835 1  Mather  published  a  single  analysis  of  aluminum 
chloride,  from  which  he  sought  to  fix  the  atomic  weight  of 
the  metal.  0.646  grm.  of  AljClg  gave  him  2.056  of  AgCl 
and  0.2975  of  AljOg.  These  figures  give  worthless  values 
for  Al,  and  are  included  here  only  for  the  sake  of  complete- 
ness.  From  the  ratio  between  AgCl  and  AljClg,  Al  =  28.925. 

Tissier'st  determination,  also  resting  on  a  single  experi- 
ment, appeared  in  1858.  Metallic  aluminum,  containing 
.135  per  cent,  of  sodium,  was  dissolved  in  hydrochloric  acid. 
The  solution  was  evaporated  with  nilric  acid  to  expel  all 
chlorine,  and  the  residue  was  strongly  ignited  until  only 
alumina  remained.  1.935  grm.  of  Al  gave  3.645  grm  of 
AljOg.  If  we  correct  for  the  trace  of  sodium  in  the  alumi- 
num, we  have  Al  =  27.073. 

Essentially  the  same  method  of  determination  was  adopted 
by  Isnard,||  who,  although  not  next  in  chronological  order, 
may  fittingly  be  mentioned  here.  He  found  that  9  grm.  of 
aluminum  gave  27  grm.  of  AI2O3.    Hence  Al  =  26.938. 

In  1858  Dumas,§  in  connection  with  his  celebrated  revi- 
sion of  the  atomic  weights,  made  seven  experiments  with 
aluminum  chloride.    The  material  was  prepared  in  quantity, 

*Poggend.  Annal.,  8,  177. 

f  Silliman's  Amer.  Journ.,  27,  241. 

i  Compt.  Rend.,  46,  1105. 

II  Compt.  Rend.,  66,  508.     1868. 

2  Ann.  Chim.  Phys.,  (3,)  55,  151.     Ann.  Chem.  Pharm.,  113,  26. 
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sublimed  over  iron  filings,  and  finally  resublimed  from 
metallic  aluminum.  Each  sample  used  was  collected  in  a 
small  glass  tube,  after  sublimation  from  aluminum  in  a 
a  stream  of  dry  hydrogen,  and  hermetically  enclosed.  Hav- 
ing been  weighed  in  the  tube,  it  was  dissolved  in  water,  and 
the  quantity  of  silver  necessary  for  precipitating  the  chlo- 
rine was  determined.  Reducing  to  a  common  standard,  his 
weighings  give  the  quantities  of  AljCl,  stated  in  the  third 
<»lumn,  as  proportional  to  100  parts  of  silver : 

1.8786  grni.  AljClj  =  4.543  gnn.  Ag.  41-352 

3.021  "      7.292  "  4i>459 — Bad. 

2.399  "      5.802  "  41.348 

1.922  "      4.6525  "  41.3" 

1.697  "      4.1015  «  41.375 

4.3165  «•  10.448  "  4i.3»4 

6.728  "  16.265  **  4^-3^5 

In  the  second  experiment  the  AI3CI5  contained  traces  of 
iron.  Rejecting  this  experiment  the  remaining  six  give  a 
mean  of  41.344,  ±:  .007.    Hence  Al  =  27.441,  ±  .082. 

In  consequence  of  these  figures  of  Dumas,  the  atomic 
weight  of  aluminum  has  generally  of  late  years  been  put  at 
27.5,  and  the  lower  results  deduced  from  the  work  of  other 
investigators  have  been  disregarded. 

In  1879  Terreil*  published  a  new  determination  of  the 
atomic  weight  under  consideration,  based  upon  a  direct 
comparison  of  the  metal  with  hydrogen.  Metallic  alumi- 
num, contained  in  a  tube  of  hard  glass,  was  heated  strongly 
in  a  current  of  dry  hydrochloric  acid.  Hydrogen  was  set 
free,  and  was  collected  over  a  strong  solution  of  caustic 
potash.  0.410  grm.  of  aluminum  thus  were  found  equiva- 
lent to  508.2  cc,  or  .0455  grm.  of  hydrogen.  Hence  Al  = 
27.033. 

About  a  year  after  Terreil's  determination  appeared  the 
lower  value  for  aluminum  was  thoroughly  confirmed  by  J. 
W.  Mallet-t  After  giving  a  full  resum6  of  the  work  done 
by  others,  exclusive  of  Isnard,  the  author  describes  his  own 
experiments,  which  may  be  summarized  as  follows : 

*  Bulletin  de  la  Soc.  Chimique,  31,  153. 
f  Phil.  Trans.,  1880,  p.  1003. 
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Four  methods  of  determination  were  employed,  each  one 
simple  and  direct,  and  at  the  same  time  independent  of  the 
others.  First,  pure  ammonia  alum  was  calcined,  and  the 
residue  of  aluminum  oxide  was  estimated.  Second,  alumi- 
num bromide  was  titrated  with  a  standard  solution  of  silver. 
Third,  metallic  aluminum  was  attacked  by  caustic  soda, 
and  the  hydrogen  evolved  was  measured.  Fourth,  hydro- 
gen was  set  free  by  aluminum,  and  weighed  as  water. 
Every  weight  was  carefully  verified,  the  verification  being 
based  upon  the  direct  comparison,  by  J.  E.  Hilgard,  of  a 
kilogramme  weight  with  the  standard  kilogramme  at  Wash- 
ington. The  specific  gravity  of  each  piece  was  determined, 
and  also  of  all  materials  and  vessels  used  in  the  weighings. 
During  each  weighing  both  barometer  and  thermometer 
were  observed,  so  that  every  result  represents  a  real  weight 
in  vacuo. 

The  ammonium  alum  used  in  the  first  series  of  experi- 
ments was  specially  prepared,  aud  was  absolutely  free  from 
ascertainable  impurities.  The  salt  was  found,  however,  to 
lose  traces  of  water  at  ordinary  temperatures ;  a  circum- 
stance which  tended  towards  a  slight  elevation  of  the  appar- 
ent atomic  weight  of  aluminum  as  calculated  from  the 
weighings.  Two  sets  of  experiments  were  made  with  the 
alum ;  one  upon  a  sample  air-dried  for  two  hours  at  21^-25°, 
the  other  upon  material  dried  for  twenty-four  hours  at 
i9°-26°.  These  sets,  marked  A  and  B  respectively,  diflfer 
slightly ;  B  being  the  less  trustworthy  of  the  two,  judged 
from  a  chemical  standpoint.  Mathematically  it  is  the  better 
of  the  two.  Calcination  was  effected  with  a  great  variety  of 
precautions,  concerning  which  the  original  memoir  must  be 
consulted.  To  Mallet's  weighings  I  append  the  percentages 
of  AljOg  deduced  from  them : 

Serifs  A, 

8.2144  gnn.  of  the  alum  gave  .9258  gnn.  Al^O,.  11.270  per  cent. 

14.0378  "  1-5825  "  11.273 

5.6201  "  .6337  "  11.275 

11.2227  "  1.2657  "  11.278 

10-8435  "  1.2216  "  11.266 
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Mean,  11.2724,  ±:  .0014 
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Series  B, 


12.1023  g™^-  o^  ^^  9!i\xm  gave  1.3660  grm.  Al,0,.  11.287  P^^  <X!bX» 

10.4544                   "  1. 1796          "  IX.  283      " 

6.7962                    "  .7670          "  11.286 

8.5601                    •*  .9654          "  11.278 

4.8992                   «*  .5528          "  11.283 


« 

(I 


Mean,  11.2834,  dr  .0011 

Combined,  these  series  give  a  general  mean  of  11.2793,  di 
.0008.    Hence  Al  =  27.075,  dr  .011. 

The  aluminum  bromide  used  in  the  second  series  of  ex- 
periments was  prepared  by  the  direct  action  of  bromine 
upon  the  metal.  The  product  was  repeatedly  distilled,  the 
earlier  portions  of  each  distillate  being  rejected,  until  a  con- 
stant boiling  point  of  263.  °3  at  747  mm.  pressure  was  noted. 
The  last  distillation  was  effected  in  an  atmosphere  of  pure 
nitrogen,  in  order  to  avoid  the  possible  formation  of  oxide 
or  oxy-bromide  of  aluminum ;  and  the  distillkte  was  col- 
lected in  three  portions,  which  proved  to  be  sensibly  identi- 
cal. The  individual  samples  of  bromide  were  collected  in 
thin  glass  tubes,  which  were  hermetically  sealed  after  nearly 
filling.  For  the  titration  pure  silver  was  prepared,  and 
after  fusion  upon  charcoal  it  was  heated  in  a  Sprengel  vac- 
uum in  order  to  eliminate  occluded  gases.  This  silver  was 
dissolved  in  specially  purified  nitric  acid,  the  latter  but  very 
slightly  in  excess.  The  altiminum  bromide,  weighed  in  the 
sealed  tube,  was  dissolved  in  water,  precautions  being  taken 
to  avoid  any  loss  by  splashing  or  fuming  which  might  re- 
sult from  the  violence  of  the  action.  To  the  solution  thus 
obtained  the  silver  solution  was  added,  the  silver  being 
something  less  than  a  decigramme  in  deficiency.  The  re- 
maining amount  of  silver  needed  to  complete  the  precipita- 
tion of  the  bromine  was  added  from  a  burette,  in  the  form 
of  a  standard  solution  containing  one  milligramme  of  metal 
to  each  cubic  centimetre.  The  final  results  were  as  follows, 
the  figures  in  the  third  column  representing  the  quantities 
of  bromide  proportional  to  100  parts  of  silver.  Series  A  is 
from  the  first  portion  of  the  last  distillate  of  AljBr,;  series 
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B  from  the  second  portion,  and  series  C  from  the  third 
portion : 

Series  A. 


6.0024  grm. 

AljBr. 

=  7.2793  g""-  Ag. 

82.458 

8.6492 

«( 

10.4897         " 

82.454 

3.1808 

« 

3.8573        " 
Series  B. 

82.462 

6.9617 

« 

8.4429 

82.456 

II. 2041 

«< 

13.5897        « 

82.44s 

3.7621 

M 

4.5624 

82.459 

5.2842 

<( 

6.4085         " 

82.456 

9.7338 

«< 

11.8047         «• 
Series  C. 

82.457 

9.3515 

If 

II.J424 

82.447 

^4426 

«i 

S.3877         " 

82.458 

5.2750 

tt 

6.3975 

82.454 

Hence  Al  =  27.046,  ±  .061. 


Mean,  82.455,  ±z  .001 


The  high  .probable  error  of  this  result  is  due  to  the  high 
probable  error  of  the  atomic  weight  of  bromine. 

The  experiments  to  determine  the  amount  of  hydrogen 
evolved  by  the  action  of  caustic  soda  upon  metallic  alumi- 
num were  conducted  with  pure  metal,  specially  prepared, 
and  with  caustic  soda  made  from  sodium.  The  soda  solu- 
tion was  so  stcong  as  to  scarcely  lose  a  perceptible  amount 
of  water  by  the  passage  through  it  of  a  dry  gas  at  ordinarj- 
temperature.  As  the  details  of  the  experiments  are  some- 
what complex,  the  original  memoir  must  be  consulted  for 
them.  The  following  results  were  obtained,  the  weight  of 
the  hydrogen  being  calculated  from  the  volume,  by  Reg- 
nault's  data  corrected  for  the  latitude  and  elevation  of  the 
University  of  Virginia : 


IVeighto/AL 

VoL  ofH. 

WL  offf. 

At,  IVi 

.3697  gnu. 

458.8  c.  c. 

.04106  gnn. 

27.012 

.3769    " 

467.9    " 

.04187    " 

27.005 

.3620    " 

449.1    " 

.04019    " 

27.022 

.7579    " 

941.5    " 

.08425    " 

26.998 

.73H    " 

907.9    " 

.08125    " 

27.006 

.7541     " 

936.4    " 

.08380    " 

26.996 

Mean,  27.005,  ±i  .0032 


/ 
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The  closing  series  ef  experiments  was  made  with  larger 
quantities  of  aluminum  than  were  used  in  the  foregoing 
set.  The  hydrogen,  evolved  by  the  action  of  the  caustic 
alkali,  was  dried  by  passing  it  through  two  drying  tubes 
coiitaining  pumice  stone  and  sulphuric  acid,  and  two  others 
containing  asbestos  and  phosphorus  pentoxide.  Thence  it 
passed  through  a  combustion  tube  containing  copper  oxide 
heated  to  redness.  A  stream  of  dry  nitrogen  was  employed 
to  sweep  the  last  traces  of  hydrogen  into  the  combustion 
tube,  and  dry  air  was  afterwards  passed  through  the  entire 
apparatus  to  reoxidize  the  surface  of  reduced  copper,  and  to 
prevent  the  retention  of  occluded  hydrogen.  The  water 
formed  by  the  oxidation  of  the  hydrogen  was  collected  in 
three  drying  tubes.  The  results  obtained  were  as  follows. 
The  third  column  gives  the  amount  of  water  formed  from 
10  grammes  of  aluminum : 

2.1704  grm.  Al  gave  2.1661  gnn.  H,0.  9.9802 

2.9355  "  2.9292         "  9-9785 

5.2632  "  5.2562         "  9*9867 

Mean,  9.9818,  =b  .0017 

Hence  Al  =  26.998,  ±  .007. 

In  combining  the  various  determinations  of  the  atomic 
weight  of  aluminum  into  one  general  mean,  we  must  arbi- 
trarily assign  weight  to  the  single  experiments  of  Berzelius, 
Isnardy  Tissier,  and  Terrell.  This  may  fairly  be  done  by 
giving  to  each  the  probable  error,  and  therefore  the  weight, 
of  a  single  observation  in  Dumas'  series.  Mather's  work 
may  be  ignored  altogether : 

From  Berzelius Al  =  27.243,  ±.201 

Tissicrl "  =27.096,  db  .201 

l!ikiard "  =26.938,  ±.201 

Dumas "  =27.441,  db  .082 

Terreil "  =  27.033,  d=  .201 

"      Mallet's  alum  experiments,  "  =  27.075,  dt  .01 1 

"  "       AljBfj        "  "   =  27.046,  ±:  .061 

"  "       H  "  "  =  27.005,  db  .003 

«  "       H,0-         "  "   =26.998,  d=  .007 

General  mean "  =  27.0092,  d=  .0028 

11 


« 

•« 
«« 
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If  0  =  16,  Al  =  27.075.  Taking  Mallet's  work  alone, 
Al  =  27.0089,  ±  .0028. 

Evidently  all  the  data  except  Mallet's  might  be  rejected 
without  affecting  sensibly  the  final  result.  Dumas'  work  is 
clearly  vitiated  by  constant  errors,  but  the  determinations 
by  Isnard,  Tissier,  and  Terrell  may  be  regarded  as  having 
some  confirmative  value. 


GOLD. 

The  only  determinations  of  the  atomic  weight  of  gold 
which  are  worthy  of  consideration  are  those  of  Berzelius 
and  of  Levol. 

The  earliest  method  adopted  by  Berzelius*  was  that  of 
precipitating  a  solution  of  gold  chloride  by  means  of  a 
weighed  quantity  of  metallic  mercury.  The  weight  of  gold 
thus  thrown  down  gave  the  ratio  between  the  atomic  weights 
of  the  two  metals.  In  the  single  experiment  which  Ber- 
zelius publishes,  142.9  parts  of  Hg  precipitated  93.55  of  Au. 
Hence,  using  the  value  for  mercury  given  in  a  preceding 
chapter,  199.712,  Au  =  196.113. 

In  a  later  investigationf  Berzelius  resorted  to  the  analysis 
of  potassio-auric  chloride,  2KCl.AuCl8.  Weighed  quanti- 
ties of  this  salt  were  ignited  in  hydrogen ;  the  resulting  gold 
and  potassium  chloride  were  separated  by  means  of  waters 
and  both  were  collected  and  estimated.  The  loss  of  weight 
upon  ignition  was,  of  course,  chlorine.  As  the  salt  could 
not  be  perfectly  dried  without  loss  of  chlorine,  the  atomic 
weight  under  investigation  must  be  determined  by  the 
ratio  between  the  KCl  and  the  Au.  If  we  reduce  to  a  com- 
mon standard,  and  compare  with  100  parts  of  KCl,  the 
equivalent  amounts  of  gold  will  be  those  which  I  give  in 
the  last  of  the  subjoined  columns : 

*  Poggend.  Annal.,  8,  177. 
f  Lehrbuch,  5  Aufl.,  3,  1 21 2. 
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4.1445  grm.  K^AuQjgave  .8185  gim.  KCl  and  2.159  grm.  Au.  263.775 

2.i495  "  -44425  "  1. 172        "  263.815 

5.1300  "  1. 01375  "  2.67225    "  263.600 

3.4>J0  "  .674  •'  1.77725    "  263.687 

4-19975  "  '.8295  "  2.188        "  263.773 


Mean,  263.730,  =b  .026 


Hence  Au  =  196.186,  dt  .101. 


Still  a  third  series  of  experiments  by  Berzelius  *  may  be 
included  here.  In  order  to  establish  the  atomic  weight  of 
phosphorus  he  employed  that  substance  to  precipitate  gold 
from  a  solution  of  gold  chloride  in  excess.  Between  the 
weight  of  phosphorus  taken  and  the  weight  of  gold  ob- 
tained it  was  easy  to  fix  a  ratio.  Since  the  atomic  weight 
of  phosphorus  has  been  better  established  by  other  mej;hods, 
we  may  properly  reverse  this  ratio  and  apply  it  to  our  dis- 
cussion of  gold.  100  parts  of  P  precipitate  the  quantities  of 
Au  given  in  the  third  column : 

.829  gnn.  P  precipitated  8.714  grm.  Au.  1051.15 

.754  "  7.930        "  1051.73 


Mean,  1051.44,  d:  .196 

Hence  Au  =  195.303,  ±  .589. 

LevoFs  t  estimation  of  the  atomic  weight  under  considera- 
tion can  hardly  have  much  value.  A  weighed  quantity  of 
gold  was  converted  in  a  flask  into  AuClg.  This  was  reduced 
by  a  stream  of  sulphur  dioxide,  and  the  resulting  sulphuric 
acid  was  determined  as  BaSO^.  One  gramme  of  gold  gave 
1.782  grm.  BaSO^.    Hence  Au  =  195.794. 

If  we  give  this  single  experiment  and  Berzelius'  single 
result  with  mercury  each  equal  weight  with  one  analysis  in 
the  potassio-auric  chloride  series,  and  include  respectively 
the  probable  errors  appertaining  to  Hg  and  to  BaSO^,  we 
may  combine  all  the  data  as  follows : 


*  Lchrbuch,  5  Aufl.,  3,  11 88. 

f  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  30,  355.  1850. 
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From  KCl  :  Au  ratio Au  =  196.186,  ±    .101 

From  Hg  :  Au  ratio "   =  196. 113,  ±    .335 

From  P  :  Au  ratio «•   =  195.303,  ±    .589 

From  BaSO^  :  Au  ratio "   =  195.794,  dc  1.234  • 

General  mean "   =  196.155,  db    .095 

Or,  if  0  =  16,  Au  =  196.606. 

As  gold  is  a  metal  which  can  be  readily  applied  to  the 
determination  of  the  atomic  weights  of  other  elements,  an 
experimental  revision  of  its  atomic  weight  is  very  desirable. 


NICKEL  AND  COBALT. 

On  account  of  the  close  similarity  of  these  metals  to  each 
other,  their  atomic  weights,  approximately  if  not  actually 
identical,  have  received  of  late  years  much  attention. 

The  first  xieterminations,  and  the  only  ones  up  to  1852, 
were  made  byRothhoflP;*  each  with  but  a  single  experi^ 
ment.  For  nickel  188  parts  of  the  monoxide  were  dissolved 
in  hydrochloric  acid ;  the  solution  was  evaporated  to  dry- 
ness, the  residue  was  dissolved  in  water,  and  precipitated 
by  silver  nitrate.  718.2  parts  of  silver  chloride  were  thus 
formed ;  whence  Ni  =  58.925.  The  same  process  was  applied 
also  to  cobalt,  269.2  pai*ts  of  the  oxide  being  found  equiva- 
lent to  1029.9  of  AgCl.  Hence  Co  =  58.817.  These  values 
are  so  nearly  equal  that  their  diflferences  were  naturally 
ascribable  to  experimental  errors.  They  are,  however,  en- 
titled to  no  special  weight  at  present,  since  it  cannot  be 
certain  from  any  evidence  recorded  that  the  oxide  of  either 
metal  was  absolutely  free  from  traces  of  the  other. 

In  1852  Erdmann  and  Marchandf  published  some  re- 
sults, but  without  details,  concerning  the  atomic  weight  of 
nickel.    They  reduced  the  oxide  by  heating  in  a  current  of 

*  Cited  by  Berzelius.     Poggend.  Annal.,  8, 184.     1826. 
'  t  J^'^™'  ^^  Prakt.  ChOTi.,  55,  202.     1852. 


NICKEL   AND   COBALT.  165 

hydrogen,  and  obtained  values  ranging  from  58.2  to  58.6, 
when  0  =  16.  Their  results  were  not  very  concordant,  and 
the  lowest  was  probably  the  best. 

In  1856,  incidentally  to  other  work,  Deville*  found  that 
100  parts  of  pure  metallic  nickel  yielded  262  of  sulphate ; 
whence  Ni  =  59.15. 

To  none  of  the  foregoing  estimations  can  any  importance 
now  be  attached.  The  modern  discussion  of  the  atomie 
weights  under  consideration  began  with  the  researches  of 
Schneider  t  in  1857.  This  chemist  examined  the  oxalates 
of  both  metals,  determining  carbon  by  the  combustion  of 
the  salts  with  copper  oxide  in  a  stream  of  dry  air.  The 
carbon  dioxide  thus  formed  was  collected  as  usual  in  a 
potash  bulb,  which,  in  weighing,  was  counterpoised  by  a 
similar  bulb,  so  as  to  eliminate  errors  due  to  the  hygroscopic 
character  of  the  glass.  The  metal  in  each  oxalate  was  esti- 
mated, first  by  ignition  in  a  stream  of  dry  air,  followed  by 
intense  heating  in  hydrogen.  Pure  nickel  or  cobalt  was 
left  behind  in  good  condition  for  weighing.  Four  analyses 
of  each  oxalate  were  made,  with  the  results  given  below. 
The  nickel  salt  contained  three  molecules  of  water,  and  the 
cobalt  salt  two  molecules : 


NiC^O^ 

.j/^,a 

1. 1945  grm.  gave    .528    grm.  CO,. 

44.203  per  cent. 

2-5555         "         I. 12625       " 

44.072      « 

3.199           "         1.408 

44.014      " 

5.020           "         2.214           " 

Mean, 

44. 104      " 

.  44.098,  ±  .027 

The  following  percentages  of  nickel  were  found  in  this 

salt: 

29. 107 
29.082 
29.066 
29.082 


Mean,  29.084,  -^z  .006 


*Ann.  Chim.  Phys.,  (3,)  46,  182.     1856. 
fPoggend.  Annal.,  loi,  387.     1857. 
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CoC^0^.2H^O, 

1.6355  g"^'  g^^'c    'T^i     g"™'  CO,. 

47-753  per  cent. 

I. 107           "           .5295         " 

47.832      •* 

2.309             »*           I.IOI             " 

47.683      " 

3.007           "          1.435 

47.722      " 

Mean,  47.7475»  ^  -0213 

The  following  were  the  percentages  found  for  cobalt ; 

32.552 
32.619 
32.528 
32.523 


Mean,  32.5555,  db  .0149 

In  a  later  paper*  Schneider  also  gives  some  results  ob- 
tained with  a  nickel  oxalate  containing  but  two  molecules 
of  water.  This  gave  him  47.605  per  cent,  of  CO^,  and  the 
following  percentages  of  nickel : 

31.4038 


Mean,  31.4076,  db  .0026 

The  conclusion  at  which  Schneider  arrived  was,  that  the 
atomic  weights  of  cobalt  and  nickel  are  not  identical,  being 
about  60  and  58  respectively.  The  percentages  given  above 
will  be  discussed  at  the  end  of  this  chapter  in  connection 
with  all  the  other  data  relative  to  the  constants  in  question. 

The  next  chemist  to  take  up  the  discussion  of  these  atomic 
weights  was  Marignac,  in  1857.t  His  original  paper  is  not 
accessible  to  me,  anJ  I  am  therefore  obliged  to  give  only 
such  features  of  it  as  I  can  get  from  abstracts  and  reviews. 
He  worked  with  the  chlorides  and  sulphates  of  nickel  and 
cobalt,  using  apparently  common  gravimetric  methods. 
The  sulphates,  taken  as  anhydrous,  were  first  ignited  to 
expel  SOj+  0,  after  which  the  residues  were  heated  with 
weighed  amounts  of  lead  silicate.    The  increase  in  weight 


*  Poggend.  Annal.,  107,  6 1 6. 

f  Jahresbericht,  1857,  225.     Bibl.  Univ.  de  Geneve,  (nouv.  s.,)  I,  373. 
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was  CoO  or  NiO  respectively.  The  anhydrous  chlorides 
were  prepared  from  the  hydrated  salts  by  ignition  in  dry 
chlorine  or  hydrochloric  acid.  With  cobalt,  the  monohy- 
drated  chloride,  dried  at  100°,  was  also  employed.  For 
nickel  he  gives  the  following  values,  referred  probably  to 
0  =  16,  S  =  32,  Ag  =  108,  CI  =  35.5: 

From  NiSO^ _— Ni  =  58.4  to  59.0 

"      NiCl, "  =  58.4  "  59.28, 

To  cobalt  these  values  are  assigned : 

From  C0SO4. Co  =  58.64  to  58.76 

CoCl,.H,0 "   =58.84"  59.02 

CoCl, "   =  58.72  "  59.02 


« 


That  is,  contrary  to  Schneider^s  view,  the  two  atomic 
weights  are  approximately  the  same.  The  values  for  nickel, 
however,  run  a  little  lower  than  those  for  cobalt;  a  fact 
which  is  probably  not  without  significance.  Marignac  crit- 
icizes Schneider's  earlier  paper,  holding  that  the  nickel 
oxalate  may  have  contained  some  free  oxalic  acid,  and  that 
the  cobalt  salt  was  possibly  contaminated  with  carbonate  or 
with  basic  compounds.  In  his  later  papers  Schneider  rejects 
these  suggestions  as  unfounded,  and  in  turn  criticizes  Ma- 
rignac. The  purity  of  anhydrous  NiSO^  is  not  easy  to 
guarantee,  and,  according  to  Schneider,  the  anhydrous  chlo- 
ride of  cobalt  and  nickel  are  liable  to  be  contaminated  with 
oxides.  This  is  the  case  even  when  the  chlorides  are  heated 
in  chlorine,  unless  the  gas  is  carefully  freed  from  all  traces 
of  air  and  moisture. 

Dumas'  *  determinations  of  the  two  atomic  weights  were 
made  with  the  chlorides  of  nickel  and  cobalt.  The  pure 
metals  were  dissolved  in  aqua  regia,  the  solutions  were 
repeatedly  evaporated  to  dryness,  and  the  residual  chlorides 
were  ignited  in  dry  hydrochloric  acid  gas.  The  last  two 
estimations  in  the  nickel  series  were  made  upon  NiCl, 
formed  by  heating  the  spongy  metal  in  pure  chlorine.  In 
the  third  column  I  give  the  NiClj  or  CtoClj,  equivalent  to 
100  parts  of  silver : 

*  Ann.  Chem.  Pharm.,  113,  25.     i860. 
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.9123  grm.  NiG,  = 

=  I. 515 

grm. 

Ag. 

60.218 

2.29s               " 

3.8115 

4< 

60.212 

3.290 

5.464 

<• 

60.212 

1.830 

3.041 

l< 

60.178 

3.001               " 

4.987 

<t 

Mean, 

60.176 
60. 1992, 

2.352  gnn.  CoCl,  = 

■  3-9035  g™. 

Ag. 

60.254 

4.210            ** 

6.990 

« 

60.229 

3.592 

5.960 

« 

60.268 

2.492             ** 

4.1405 

If 

60.186 

4.2295           *' 

7.0255 

<l 

Meai 

60.202 

1,  60.2278, 

.0062 


.oil 


These  results  give  values  for  Co  and  Ni  differing  by  less 
than  a  tenth  of  a  unit ;  here,  as  elsewhere,  the  figure  for  Ni 
being  a  trifle  the  lower. 

In  1863*  the  idea  that  nickel  and  cobalt  have  equal 
atomic  weights  was  strengthened  by  the  researches  of  Russell. 
He  found  that  the  black  oxide  of  cobalt,  by  intense  heating 
in  an  atmosphere  of  carbon  dioxide,  became  converted  into 
a  brown  monoxide  of  constant  composition.  The  ordinary 
oxide  of  nickel,  on  the  other  hand,  was  shown  to  be  convert- 
ible into  a  definite  monoxide  by  simple  heating  over  the  blast 
lamp.  The  pure  oxides  of  the  two  metals,  thus  obtained, 
were  reduced  by  ignition  in  hydrogen,  and  their  exact  com- 
position thus  ascertained.  Several  samples  of  each  oxide 
were  taken,  yielding  the  following  percentages  of  metal : 

NiO. 

78.597  1 

78.584  Mst  sample. 
78.608  ^ 
78.581  ) 

78.589  [2d  sample. 

-  78.583  ^ 
78.616  1 

78.590  ^  3d  sample. 

78.588  ^ 
78.590 


78.594 

78.597 
78.588 


4th  sample. 


Mean  of  all,  78.593,  d:  .0018 


*  Joura.  Chem.  Soc.,  (2,)  i,  51. 


NICKEL  AND   COBALT. 


169 


CoO, 

78.591 
78.588 

78.550 
78.598 

78.614 

78.603 

78.591 

78.591 

78.588 

78.592 

8.597 
8.598 

78.595 
78.589 
78.596 


>  1st  sample. 


} 


2d  sample. 


i 


V  3d  sample. 
\  4tli  sample. 


} 


5th  sample. 


Mean  of  all,  78.592,  db  .0023 

These  percentages  are  practically  identical,  and  lead  to 
essentially  the  same  mean  value  for  each  atomic  weight. 

In  a  l&ter  paper  Russell*  confirmed  the  foregoing  results 
by  a  ditferent  process.  He  dissolved  metallic  nickel  and 
cobalt  ixL  hydrochloric  acid  and  measured  the  hydrogen 
evolved.  Thus  the  ratio  between  the  metal  and  the  ulti- 
mate stctndard  was  fixed  without  the  intervention  of  any 
other  element.  About  two-tenths  of  a  gramme  of  metal,  or 
lees,  was  taken  in  each  experiment.  100  parts  by  weight  of 
Co  or  N^i  give  the  following  weights  of  H,  calculated  from 
the  volume  of  the  latter : 


3-420 
3-418 
3-416 
3417 
3-4" 
3-415 
3-4»6 


>  I  St  san^)le. 


Co, 

3-395 
3.398 
3.397 
3.398 
3.403 

3.401 
3.401 


1st  sample. 


} 


2d  sample. 


*  Jonra.  Chem.  Soc.,  (2,)  7,  494.     1869. 
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AV.  Co, 

3-39S  \  3-404  I    ,  . 

3.409  1 2d  sample.  3.405  |3«i  «*»?*«• 

3-4<H  ^  3-4IO  \ 

3.401  —3d  sample.  3.407  /  ^^  sampic. 


3412 

3.408  }>  4th  sample.        Mean  of  all,  3.4017,  d=  •0009 

3.410 


} 


Mean  of  all,  3.41 1,  d:  .001 

A  glance  at  the  tabulated  discussion  which  closes  this 
chapter  will  show  that  these  figures  agree  well  with  each 
other,  and  well  with  those  found  from  the  analyses  of  the 
oxides.  The  probable  errors  assigned  in  the  hydrogen 
series  may  be  a  little  too  low,  since  they  ought  to  be  modi- 
fied by  the  probable  error  of  the  weight  of  a  unit  volume 
of  hydrogen.  So  insignificant  a  correction  may,  however, 
be  neglected. 

Some  time  after  the  publication  of  Russell's  first  paper, 
but  before  the  appearance  of  his  second,  some  other  investi- 
gations were  made  known.  Of  these  the  first  was  by  Som- 
maruga,*  whose  results,  obtained  by  novel  methods,  closely 
confirmed  those  of  Schneider  and  antagonized  those  of  Du- 
mas, Marignac,  and  Russell.  The  atomic  weight  of  nickel 
Sommaruga  deduced  from  analyses  of  the  nickel  potassium 
sulphate,  K,Ni(S0J,.6H,0,  which,  dried  at  100°,  has  a 
perfectly  definite  composition.  In  this  salt  the  sulphuric 
acid  was  determined  in  the  usual  way 'as  barium  sulphate, 
a  process  to  which  there  are  obvious  objections.  In  the 
third  column  are  given  the  quantities  of  the  nickel  salt  pro- 
portional to  100  parts  of  BaS04  • 

0.9798  grm.  gave  1.0462  grm.  BaSO^.       93*653 

93-654 


1.0537 

'    I.I25I 

1.0802    * 

1. 1535 

1. 1865 

<    1.2669 

3.2100   * 

3-4277 

3.2124 

3.4303 

M 
« 

« 
« 


93-645 
93-654 
93.649 
93.648 

Mean,  93.6505,  4=  .001 


*  Sitzungsb.  Wien  Akad.,  54,  2  Abth.,  50.     1866. 
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For  cobalt  Sommaruga  used  the  purpureo  cobalt  chloride 
of  Gibbs  and  Genth.  This  salt,  dried  at  110°,  is  anhydrous 
and  stable.  Heated  hotter,  CoCl,  remains.  The  latter,  ig- 
nited in  hydrogen,  yields  metallic  cobalt.  In  every  experi- 
ment the  preliminary  heating  must  be  carried  on  cautiously 
until  ammoniacal  fumes  no  longer  appear : 


.6656 

grm.  gave 

.1588 

gnu. 

Co. 

23.858  per  cent. 

I.09I8 

.2600 

ti. 

23.814      " 

.9058 

.2160 

23.846      " 

1.5895 

.378$ 

23.813      " 

2.9167 

.6957 

23.847      " 

1.8390 

.4378 

23.806      " 

2.5010 

.5968 

Mean 

23.808      " 

,  23.827,  ±  .006 

Further  along  this  series  will  be  combined  with  a  similar 
one  by  Lee.  It  may  here  be  said  that  Sommaruga's  paper 
was  quickly  followed  by  a  critical  essay  from  Schneider,* 
endorsing  the  former's  work,  and  objecting  to  the  results  of 
Russell. 

In  1867  still  another  new  process  for  the  estimation  of 
these  atomic  weights  was  put  forward  by  Winkler,t  who 
determined  the  amount  of  gold  which  pure  metallic  nickel 
and  cobalt  could  precipitate  from  a  neutral  solution  of  sodio- 
auric  chloride.  Experimentally,  the  method  seems  to  be 
quite  accurate ;  practically,  it  involves  a  knowledge  of  the 
defectively  ascertained  atomic  weight  of  gold.  In  order  to 
obtain  pure  cobalt  Winkler  prepared  purpureo-cobalt  chlo- 
ride, which,  having  been  four  or  five  times  recrystallized, 
was  ignited  in  hydrogen.  His  nickel  was  repeatedly  puri- 
fied by  precipitation  with  sodium  hypochlorite.  From  ma- 
terial thus  obtained  pure  nickel  chloride  was  prepared, 
which,  after  sublimation  in  dry  chlorine,  was  also  reduced 
by  hydrogen.  100  parts  of  gold  are  precipitated  by  the 
quantities  of  nickel  and  cobalt  given  in  the  third  columns 
respectively.    In  the  cobalt  series  I  include  one  experiment 


♦Poggend.  Annal.,  130,  310. 
fZeit.  Anal.  Chem.,  6,  18.     1867. 
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by  Weselsky  which  was  published  by  him  in  a  paper  pres- 
ently to  be  cited : 


.4360  grm.  nickel  precipitated  .9645  gnx 

1.  gold.     45.191 

.4367                    "                    .9666 

45.179 

.5189                    "                  1. 1457 

45.291 

.6002                    **                  1.3286 

45.175 

Mean,  45.209,  db  .019 

.5890  grm.  cobalt  precipitated  1.3045  gmi.  gold.   45.151 

.3147                    "                      .6981 

45-080 

.5829                    '*                    1.2913 

45.141 

.5111                    "                    1.1312 

45182 

.5821                    •'                    1.2848 

45.307 

.559                      "                    1.241 

"            45*044 — Weselsky 

Mean,  45.151,  d=  .025 

Weselsky's  paper,*  already  cited,  relates  only  to  cobalt 
He  ignited  the  cobalticyanides  of  ammonium  and  of  phe- 
nylammonium  in  hydrogen,  and  from  the  determinations 
of  cobalt  thus  made  deduced  its  atomic  weight.  His  results 
are  as  follows : 

.7575  SP^'  (^^A^s^yu  &^^  -'^  S"°-  ^*     21.914  per  cent 
.5143  "  .113        "  21.972       " 

Mean,  21.943,  rb  .029 

.8529  grm.  (C|HgN),Co,Cy]2  gave  .loio^grm.  Co.  11.842  per  cent. 

.6112  "  .0723    "  11.829 

.7140  "  .0850    "  11*905 

.9420  "  .1120    "  11.890 


•« 
«« 


Mean,  11.8665,  ^  .0124 

Finally,  we  come  to  the  work  done  by  Leef  in  the  labora- 
tory of  Wolcott  Gibbs.  Like  Weselsky,  Lee  ignited  certain 
cobalticyanides  and  nickelocyanides  in  hydrogen  and  deter- 
mined the  residual  metal.  The  double  cyanides  chosen 
were  those  of  strychnia  and  brucia ;  salts  of  very  high  mo- 
lecular weight,  in  which  the  percentages  of  metal  are  rela- 
tively low.    A  series  of  experiments  with  purpureo-cobalt 

*  Ber.  d.  Dentsch.  Chem.  Gesell.,  2,  592.     1868. 
f  Am.  Joum.  Sci.  and  Arts,  (3,)  2,  44.     1871. 
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chloride  ^was  also  carried  out.  In  order  to  avoid  admixture 
of  carbon  in  the  metallic  residues,  the  salts  were  first  ignited 
in  air,  and  then  in  oxygen.  Reduction  by  hydrogen  fol- 
loi^red.  The  salts  were  in  each  case  covered  by  a  porous 
septum  of  earthenware,  through  which  the  hydrogen  dif- 
fused, and  Tvhich  served  to  prevent  the  mechanical  carrying 
away  of  solid  particles ;  furthermore,  heat  was  applied  from 
above.  Tbe  results  attained  were  very  satisfactory,  and 
assign  to  nickel  and  cobalt  atomic  weights  varying  from 
each  otber  "by  about  a  unit;  Ni  being  nearly  58,. and  Co 
about  59-  The  exact  figures  will  appear  later.  The  cobalt 
results  agree  remarkably  well  with  those  of  Weselsky.  The 
foUo^wing  are  the  percentages  of  metal  found : 

5724 

5729 

5.750 

5-733 
5.712 

5729 


Mean,  5.7295,  ±  .0034 

In  sirychitia  nukdocyanide,  Ni^CyyJ^C^H^N^O^^,H^,8H^O. 

6.607 
6.613 
6.589 
6.607 
6.561 

6. 595 


Mean,  6.595,  dr  .005 

Jf§,  ^rt^cia  cobaltuyanide,  CoJOy^^{C^H^N^O^^,H^.2oH^O, 

3.759 
3.720 

3-739 
3.748 
3-747 
3-749 


Mean,  3-7437.  ±  .0036 
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# 

In  strychnia  cobaltuyamde,  Co^Cyy^(C^j^ff^I^^O^)^.If^.S//^0. 

4.583 
4.596 

4.554 
4.564 

4.577 
4.549 


Mean,  4-5705,  ±  .005 

In purpureO'Cobalt  chloride^  Co^(NII^^^Cl^, 

23.575 

23587 
23.586 

23579 
23.569 

23.581 


Mean,  23.5795,  ±.  .0019 

The  last  series  may  be  combined  with  Sommaruga's,  thug : 

Sommaruga 23.827,    d=  .006 

Lee 23.5795,  =fc  .0019 


General  mean 23.6045,  ±  .0018 

• 

In  discussing  the  atomic  weights  of  nickel  and  cobalt,  we 
may  ignore  the  work  of  Bothhoff,  Erdmann  and  Marchand 
and  Deville.  That  of  Marignac  must  also  be  omitted,  for 
want  of  sufficient  data.  For  nickel  we  have  the  following 
ratios.  The  probable  error  assigned  in  No.  4,  is  that  of  a 
single  experiment  in  No.  2 : 

(I.)  Per  cent,  of  Ni  in      NiCjO^.sHjO,  29.084,  ±  .006 


(a- 
(3- 
(4. 

(5- 
(6. 

(7. 
(8. 

(9- 
(10. 

(II. 


CO,  from  "  44.098,  ±  .027 

Ni  in       NiC20^.2H,0,  31.4076,  ifc  .0026 
CO,  from  "  47605,  =t  .053 

Ni  in  NiO,  78.593,  ±  .0018 

brucia  nickelocyanide,  5.7295,  ±z  .0034 
strychnia        "  6.595,  d=  .005 

Ag  :  NiCI,  : :  lOO  :  60.1992,  d=  .0062 

Ni  :  H  : :  lOO  :  3.41 1,  i:  .001 

Au  :  Ni  :  :  lOO  :  45.209,  =h  .019 

BaSO^  :  K,Ni(S04),.6H,0  : :  100  :  93.6505,  ±  .001 


(f 
tt 
It 

it  « 

(f  tt 


Since  the  proportion  of  water  in  the  oxalates  is  not  an 
absolutely  certain  quantity,  the  data  concerning  such  salts 
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are  best  handled  by  employing  the  ratios  between  the  carbon 
dioxide  and  the  metal.  Accordingly  ratios  (1)  and  (2)  give 
a  single  value  for  Ni,  and  ratios  (3)  and  (4)  another.  In  all, 
we  have  nine  values  for  the  atomic  weight  in  question  : 

From  (i)  and  (2) Ni  =  57.907,  ±  .0379 

(3)    «    (4) "=57.926,^.0654 

(6) "  =  57.8«4»  ±  .0396 

(7) — "  =  57.947»  ±  .0467 

(II) "  =  58.170,  dz  .0829 

(5)- "  =  58.607,  ±  .0139 

(9) —  "  =  58.634,  ±  .0165 

(8) „  "  =  58.899.  ±  .0339 

(io)_ "  =  59.120,  ±z  .0376 


•< 
«« 
«< 
«< 
tt 
<i 
«« 
it 


General  mean "  =  58.547,  ±  .0089 

If  O  =  16,  Ni  =  58.682. 

In  the  foregoing  result  it  will  be  seen  that  the  two  sets  of 
figures  due  to  Russell  receive  very  great  weight.  This  is 
because  the  one  set  is  referred  directly  to  hydrogen,  without 
the  intervention  of  the  probable  error  of  any  other  element ; 
while  the  second  set  involves  only  the  atomic  weight  of 
oxygen,  of  which  the  probable  error  is  small.  As  regards 
accuracy  of  methods,  however,  and  certainty  concerning  the 
purity  of  material,  Russell's  work  is  no  better  than  Schnei- 
der's, and  probably  inferior  to  Lee's.  Now  values  one  to 
five  in  the  above  table  represent  the  tolerablj'  concordant 
results  of  Schneider,  Lee,  and  Sommaruga.  They,  combined 
by  themseWes,  give  a  general  mean  of  Ni  =  57.928,  ±  .0215 ; 
or,  if  O  =  16,  of  Ni  =  58.062.  This  value,  taking  every- 
thing into  account,  I  cannot  but  regard  as  more  likely  to 
prove  correct  than  the  larger  mean  deduced  from  all  the 
ratios.  At  all  events,  the  atomic  weight  of  nickel  needs 
further  careful  investigation. 

For  cobalt  these  ratios  are  available : 

(I.)  Per  cent,  of  Co  in      CoCfi^,2Hfi,  32-5555»  ±  0^9 


(2.) 
(3.) 
(4.) 
(5.) 
(6.) 


CO,  from  "  47.7475.  ±  .0213 

Co  in  CoO,  78.592,  db  .0023 
"     parpureo-cobalt  chloride,  23.6045,  d=  .0018 
<<     phenylammonium  cobalticyanide,  11.8665,  =b  .0124 
«     ammonium  "  21.943,    d=  .029 
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(7.)  Per  cent,  of  Co  in  brucia  cobalticyanide,  3.74371  d:  .0036 
(8.)  "  "     strychnia        '*  4- 5705,  ±  .005 

(9.)  Ag  :  CoCI,  : :  100  :  60.2278,  d=  .oil 

(10.)  Co  :  H  : :  lOO  :  3.4017,  dz  .0009 

(II.)  Au  :  Co  : :  100  :  45.151,  d=  .025 

Hence  we  have  ten  values  for  Co,  as  follows  : 

From  (i)  and  (2) Co  ^  59.865,  ±  .0394 

(4) "  =  59-o8o,  db  .0152 

(5) "  =  58.9U.  ±  -0628 

(6) - "  =  59.177.  ±  .0816 

(7) "  =  59.057.  ±  .0581 

«   (8)— "  =  58.960,  db  .0708 

(II) "  =  59.044,  ±  .0436 

(9) "  =  58.961,  ±  .0392 

(3) "  =58.604,  ±  .0145 

"  (10) "  =58.794,^.0162 

General  mean «*  =  58.887,  ±  .008 

If  0  =  16,  Co  =  59.023. 


(i 
«c 
$t 


*t 
«( 
if 


SELENIUM. 


The  atomic  weight  of  this  element  was  first  determined 
by  Berzelius,*  who,  saturating  100  parts  of  selenium  with 
chlorine,  found  that  179  of  chloride  were  produced.  Further 
on  these  figures  will  be  combined  with  similar  results  by 
Dumas. 

We  may  omit,  as  unimportant  for  present  purposes,  the 
analyses  of  alkaline  selenates  made  by  Mitscherlich  and 
Nitzsch,t  and  pass  on  to  the  experiments  published  by  Sacc| 
in  1847.  This  chemist  resorted  to  a  variety  of  methods, 
some  of  which  gave  good  results,  while  others  were  unsatis- 
factory. First,  he  sought  to  establish  the  exact  composition 
of  SeO,,  both  by  synthesis  and  by  analysis.  The  former 
plan,  according  to  which  he  oxidized  pure  selenium  by 

*  Poggend.  Anna!.,  8,  I.  1826. 

t  Poggend.  Annal.,  9,  623.  1827. 

J  Ann.  d.  Chim.  etd.  Phys.,  (3,)  21,  119. 
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nitric  acid,  gave  poor  results ;  better  figures  were  obtained 
upon  reducing  SeO,  with  ammonium  bisulphite  and  hydro- 
chloric acid,  and  determining  the  percentage  of  selenium 
set  free : 

.6800  gnn.  SeO,  gave  .4828  gnn.  Se.  71.000  per  cent. 

3.5227  «  2.5047        «*  71.102      " 

4.4870  •*  3' 1930        "  71. 161      «* 

Mean,  71.088,  db  .032 

In  a  similar  manner  Sacc  also  reduced  barium  selenite, 
and  weighed  the  resulting  mixture  of  barium  sulphate  and 
free  selenium.  This  process  gave  discordant  results,  and  a 
better  method  was  found  in  calcining  BaSeO,  with  sul- 
phuric acid,  and  estimating  the  resulting  quantity  of  BaSO,. 
In  the  third  column  I  give  the  amounts  of  BaSO^  equivalent 
to  100  of  BaSeOa  ' 

•5573  gnn.  BaSeO,  gave  .4929  gnn.  BaSO^.  88.444 

.9942  "  .8797  "  88.383 

.2351  "  .2080  "  88.473 

.9747  "  .8621  "  88.448 


Mean,  88.437,  ±  .013 

Still  other  experiments  were  made  with  the  selenites  of 
silver  and  lead ;  but  the  figures  were  subject  to  such  errors 
that  they  need  no  further  discussion  here. 

A  few  years  after  Sacc's  work  was  published,  Erdmann  and 
Marchand  made  with  their  usual  care  a  series  of  experi- 
ments upon  the  atomic  weight  under  consideration.*  They 
alalyzed  pure  mercuric  selenide,  which  had  been  repeatedly 
sublimed  and  was  well  crystallized.  Their  method  of  ma- 
nipulation has  already  been  described  in  the  chapter  upon 
mercury.     These  percentages  of  Hg  in  HgSe  were  found : 

71.726 

71.731 
71.741 


Mean,  71.7327,  ±z  .003 


*  Journ.  fllr  Piukt.  Chem.,  55,  202.     1852. 
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The  next  determinations  were  made  by  Dumas,"^  who  re- 
turned to  the  original  method  of  Berzelius.  Pure  selenium 
was  converted  by  dry  chlorine  into  SeCl^,  and  from  the  gain 
in  weight  the  ratio  between  Se  and  CI  was  easily  deducible. 
I  include  Berzelius'  single  experiment,  which  I  have  already 
cited,  and  give  in  a  third  column  the  quantity  of  chlorine 
absorbed  by  100  parts  of  selenium : 

1.709  grm.  Se  absorb  3.049  gnn.  CI.  178.409 


810  "  3.219  "  177-845 

679  ••  3.003  "  178.856 

498  •*  2.688  "  179439 

944  "  3-468  "  178.395 

887  «  3.382  «  179.226 

935  "  3.452  "  178.398 


1 79. 000— Berzelius. 


Mean,  178.696,  db  .125 

The  question  may  here  be  properly  asked,  whether  it 
would  be  possible  thus  to  form  SeCl^  and  be  certain  of  its 
absolute  purity  ?  A  trace  of  oxy chloride,  if  simultaneously 
formed,  would  increase  the  apparent  atomic  weight  oi 
selenium.  In  point  of  fact,  this  method  gives  a  higher 
value  for  Se  than  any  of  the  other  processes  which  have 
been  adopted,  and  that  value  has  the  largest  probable  error 
of  any  one  in  the  entire  series.  A  glance  at  the  table  which 
summarizes  the  discussion  at  the  end  of  this  chapter  will 
render  this  point  sufficiently  clear. 

Latest  of  all,  we  come  to  the  determinations  made  by 
Ekman  and  Pettersson.*  They  tried  various  methods  of 
investigation,  and  finally  decided  upon  the  two  following : 

First.  Pure  silver  selenite,  Ag^SeOj  was  ignited,  leaving 
behind  metallic  silver  in  the  subjoined  percentages : 


*  Ann.  Chem.  Pharm.,  113,  32.     i860. 

t  Ber.  d.  Deutsch.  Chem.  Gesell.,  9,  1210.     1876.     Published  in  detail  by  the 
society  at  Upsala. 
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62.93 
62.95 
62.97 
62.94 
62.98 
62.98 
62.9s 

Mean,  62.957,  db  .005 

Second.  A  warm  aqueous  solution  of  selenious  acid  was 
mixed  ^with.  HCl,  and  reduced  by  a  current  of  SO,.  The 
reduced  Se  was  collected  upon  a  glass  filter,  dried,  and 
weighed.      Percentages  of  Se  in  SeO, : 

71.199 
71.185 

71. '93 
71.187 

71. 191 

Mean,  71. 191,  d:  .0016 

This  series,  combined  with  that  of  Sacc,  71.088,  ±  .032, 
gives  a  general  mean  of  71.1907,  ±  .0016. 

There  are  now  five  series  of  figures  from  which  to  deduce 
the  atomic  weight  of  selenium : 

(1.)  Per  cent,  of  Se  in  SeO,,  71.1907,  ±  .0016 
(2.)  BaSeO,  :  BaSO^ : :  100  :  88.437,  ±  .013 
(3.)  Per  cent,  of  Hg  in  HgSe,  71.7327,  db  .003 
(4.)  Se  :  Sea^  : :  100  :  178.696,  ±  .125 
(5.)  Per  cent,  of  Ag  in  Ag,SeOj,  62.957,  ±  .005 

From  these  we  get  the  following  values  for  selenium : 

From  (I) Se  =  78.894,  ±  .018 

(2) "   =  78.362,  zh  .053 

(3) "   =  78.700,  ±  .019 

"       (4) «   =  79.174,  ±  .064 

"      (5) "  =  78.819,  db  .025 


it 


General  mean "  =  78.797,  ±  .011 

If  O  =  16,  Se  =  78.978. 
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TELLURIUM. 

Particular  interest  attaches  to  the  atomic  weight  of  tellu* 
rium,  on  account  of  the  speculations  of  Mendelejeff.  Ac- 
cording to  the  "  periodic  law "  of  that  chemist,  tellurium 
should  lie  between  antimony  and  iodine,  having  an  atomic 
weight  greater  than  120,  and  less  than  127.  Theoretically, 
Mendelejeff  assigns  it  a  value  of  Te  =  125 ;  but  all  the 
published  determinations  lead  to  a  mean  number  higher 
than  would  be  admissible  under  the  aforesaid  'Aperiodic 
law."  Whether  theory  or  experiment  is  at  fault  remains  to 
be  discovered. 

The  first,  and  for  many  years  the  only,  determinations  of 
the  constant  in  question,  were  made  by  Berzelius.*  By 
means  of  nitric  acid  he  oxidized  tellurium  to  the  dioxide, 
and  from  the  increase  in  weight  deduced  a  value  for  the 
metal.  He  published  only  his  final  results;  from  which,  if 
O  =  100,  Te  =  802.121.  The  three  separate  experiments 
give  Te  =  801.74, 801.786,  and  802.838 ;  whence  we  can  cal- 
culate the  following  percentages  of  metal  in  the  dioxide : 

80.057 
80.036 
80.034 


Mean,  80.042,  4=  .005 

The  next  determinations  were  made  by  von  Hauer,t  who 
resorted  to  the  analysis  of  the  well  crystallized  double  salt 
TeBr4.2KBr.  In  this  compound  the  bromine  was  estimated 
as  silver  bromide,  the  values  assumed  for  Ag  and  Br  being 
respectively  108.1  and  80.  Recalculating,  with  our  newer 
atomic  weights  for  the  above  named  elements,  we  get  from. 
V.  Hauer's  analyses,  for  100  parts  of  the  salt,  the  quantities 
of  AgBr  which  are  put  in  the  third  column : 

«  Poggend.  Annal.,  28,  395.     1833. 
f  Sitzungsb.  Wien  Akad.,  25,  142. 
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2.O0O  grm.  KjTeBr^  gave  69.946  per  cent.  Br.  164.460 

6.668                 **                69.8443        **  164.221 

2.954                 "                69.9113        "  164.379 

3.697                 **                70.0163        "  164.626 

i.ooo                "                69.901          *♦  164.355 


Mean,  164.408,  dr  .045 

Prom  Berzelius'  series  we  may  calculate  Te  =  128.045, 
and  firom  v.  Hauer's  Te  =  127.419.  Dumas,*  by  a  method 
for  which  he  gives  absolutely  no  particulars,  found  Te  =  129. 

In  1879,  with  direct  reference  to  MendelejeflF's  specula- 
tions, the  subject  of  the  atomic  weight  of  tellurium  was 
taken  up  by  Wills.t  The  methods  of  both  Berzelius  and 
von  Hauer  were  employed,  with  various  rigid  precautions 
in  the  way  of  testing  balance  and  weights,  and  to  ensure 
purity  of  material.  In  the  first  series  of  experiments  tellu- 
rium was  oxidized  by  nitric  acid  to  form  TeO,.  The  results 
gave  figures  ranging  firom  Te  =  126.31  to  129.34 : 

2. 2 1 613  grm.  Te  gave  2.77612  grm.  TeO,.  79.828  per  cent.  Te. 

1-45313  "  1.81542  "  80.044  ** 

2.67093  "  333838  "  80-007 

4.77828  "  5-95748  *•  80.207  •• 

2.65029  "  3-3>33»  "  79-989  " 


Mean,  80.015,  d=  .041 

In  the  second  series  tellurium  was  oxidized  by  aqua  regia 
to  TeO, ;  with  results  varying  from  Te  =  127.77  to  128.00 : 

2.8501 1  grm.  Te  gave  3.56158  grm.  TeO,.    80.024  per  cent  Te. 
3.09673  "  3.86897  "  80.040  " 


5.09365  **  6.36612  *'  80.012 

3.26604  "  4.08064  "  80.037 


Mean,  80.028,  db  .004 

Combining  these  series  with  that  due  to  Berzelius,  we 
have  the  following  general  mean : 

*  Ann.  d.  Chim.  et  d.  Phjrs.,  (3,)  55,  129.     1859. 
f  Joom.  Chem.  Society,  Oct.,  1879,  P>  7^* 
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Berzelius ^.. 80.042,  dt  -00$ 

Wills,  1st  series 80.015,  zt.  .041 

"      2d      "    - 80.028,  d:  .004 

General  mean 80.035,  ±  .003 

Hence  Te  =  127.986,  ±  .035. 

By  von  Hauer's  process,  the  analysis  of  TeBr4.2KBr, 
Will's  figures  give  results  ranging  from  Te  =  126.07  to 
127.61.  Reduced  to  a  common  standard,  100  parts  of  the 
salt  yield  the  quantities  of  AgBr  given  in  the  third  column : 

1*70673  gnn.  K^TeBr^gave  2.80499  grm.  AgBr.  1G4.349 

1.75225  »*  2.88072  "  164.398 

2.06938  "  3-40739  "  164.657 

3.29794  "  543228  "  164-717 

2.4654s  "  4.05742  «  164.571 

Mean,  164.538,  ±.  .048 

CJombined  with  von  Hauer's  mean,  164.408,  ±:  .045,  this 
gives  a  general  mean  of  164.468,  ±  .033.  Hence  Te  = 
127.170,  ±  .173. 

The  two  independent  values  for  Te  combine  thus : 

From  TeO, Te  =  127.986,  d:  .035 

**      TeKjBr^ ._  «  =  127.170,  ±  .173 

General  mean "  =  127.960,  d=  .034 

If  0  =  16,  Te  =  128.254. 

A  careful  consideration  of  the  foregoing  figures,  and  of 
the  experimental  methods  by  which  they  were  obtained, 
will  show  that  they  are  not  absolutely  conclusive  with  re- 
gard to  the  place  of  tellurium  under  the  periodic  law.  The 
atomic  weight  of  iodine,  calculated  in  a  previous  chapter,  is 
126.557.  Wills'  values  for  Te,  rejecting  his  first  series  as 
relatively  unimportant,  range  from  126.07  to  128.00 ;  that 
is,  some  of  them  fall  below  the  atomic  weight  of  iodine, 
although  none  descend  quite  to  the  125  assumed  by  Men- 
delejeffl 

In  considering  the  experimental  methods,  reference  may 
properly  be  made  to  the  controversy  regarding  the  atomic 
weight  of  antimony.  It  will  be  seen  that  Dexter,  estima- 
ting the  latter  constant  by  the  conversion  of  the  metal 
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into  Sb^O^,  obtained  a  value  approximately  of  Sb  =  122. 
Dumas,  working  with  SbClg,  obtained  a  similar  value. 
Schneider  and  Cooke,  on  the  other  hand,  have  established 
an  atomic  weight  for  antimony  near  120,  and  Cooke  in  par- 
ticular has  traced  out  the  constant  errors  which  lurked 
unsuspected  in  the  work  of  Dumas  and  Dexter.  Now  in 
some  physical  respects  tellurium  and  antimony  are  quite 
similar.  As  constant  errors  vitiated  the  recently  accepted 
values  for  Sb,  so  they  may  also  effect  our  estimates  for  Te. 
The  oxidation  of  Te  by  nitric  acid  resembles  in  minor  par- 
ticulars that  of  Sb.  The  analysis  of  K,TeBre,  gives  a  low 
value  for  Te,  and  yet  the  material  may  have  contained 
traces  of  oxybromides,  the  presence  of  which  would  render 
even  that  lower  value  too  high.  A  careful  revision  of  the 
atomic  weight  of  tellurium  is  still  necessary. 


VANADIUM. 


Roscoe's  determination  of  the  atomic  weight  of  vanadium 
is  the  only  one  having  any  present  yalue.  The  results  ob- 
tained by  Berzelius  *  and  by  Czudnowicz  f  are  unquestion- 
ably too  high ;  the  error  being  probably  due  to  the  presence 
of  phosphoric  acid  in  the  vanadic  acid  employed.  This 
particular  impurity,  as  Boscoe  has  shown,  prevents  the 
complete  reduction  of  VjOj  to  ¥,0,  by  means  of  hydrogen. 
All  vanadium  ores  contain  small  quantities  of  phosphorus, 
which  can  only  be  detected  with  ammonium  molybdate; 
a  reaction  unknown  in  Berzelius'  time.  Furthermore,  the 
complete  purification  of  vanadic  acid  from  all  traces  of 
phosphoric  acid  is  a  matter  of  great  difficulty,  and  probably 
never  was  accomplished  until  Boscoe  undertook  his  re- 
searches. 

In  his  determination    of   the    atomic  weight,  Roscoet 

*Poggend.  Annal.,  22,  14.     1 83 1. 

f  Poggend.  Annal.y  120,  17.     1863. 

J  Journ.  Chem.  Soc.,  6,  pp.  330  and  344.     1868. 
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studied  two  compounds  of  vanadium;  namely,  the  pent- 
oxide,  V,Oj  and  the  oxychloride,  VOClj.  The  pentoxide, 
absolutely  pure,  was  reduced  to  VjO,  by  heating  in  hydro- 
gen, with  the  following  results : 

7*7397  gr™-  V^O^  gave  6.3827  gnn.  V,0,.  I7'533  pc^  <«nL  of  loss. 

6.5819  "  5'4296  •*  17.507 

5.1895  «  4.2819  "  17.489. 

5.0450  "  4.1614         "  »7.5'5 

5.4296  gnn.  yfigt  reoxidized,  gave  6.5814  gnn.  V,0(.  17.501  percent  difTercDce. 

Mean,  17.509,  d:  .005 

Hence  V  =  51.264,  ±  .025. 

Upon  the  oxychloride,  VOClg,  two  series  of  experiments 
were  made,  one  volumetric,  the  other  gravimetric.  *  In  the 
volumetric  series  the  compound  was  titrated  with  solutions 
containing  known  weights  of  silver,  which  had  been  purified 
according  to  the  methods  recommended  by  Stas.  Roscoe 
publishes  his  weighings,  and  gives  percentages  deduced 
from  them;  his  figures,  reduced  to  a  common  standard, 
make  the  quantities  of  VOClg  given  in  the  third  column 
proportional  to  100  parts  of  silver.  He  was  assisted  by  two 
analysts : 

Analyst  A, 


2.4322  gnn. 

VCK 

J»  =  4.5525  gnn.  Ag 

:.  53425 

4.6840 

« 

8.7505 

« 

53528 

4.2188 

« 

7.8807 

i< 

53.533 

3.9490 

<« 

7.3799 

(( 

53.510 

.9243 

(« 

1.7267 

t« 

53530 

1.4330 

« 

2.6769 
Analyst  B, 

« 

53.532 

2.8530 

«< 

5.2853 

<( 

53.980 

2.1252 

f( 

3.9535 

«« 

53.755 

1.4248 

« 

2.6642 

« 

53-479 

Mean,  53.586,  =b  .039 


The  gravimetric  series,  of  course,  fixes  the  ratio  between 
VOCI3  and  AgCl.  If  we  put  the  latter  at  100  parts,  the 
proportion  of  VOCI3  comes  out  as  given  in  the  thud 
column : 
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Analyst  A, 

1.8521  gnn.  VOCI,  gave  4.5932  grm.  AgCl.         40.323 

.7013                "               1.7303          "  40-53^ 

.7486                "               1.8467          "  40.537 

1.4408                •«               3-5719          "  40.337 

•9453                "               2.3399          "  40.399 

1. 61 83                "               4.0282          ««  40.174 

Analyst  B. 
2.1936  "  54039  "  40.39" 

2.5054  **  6.21 18  "  40.333 

Mean,  40.378,  =b  .028 

These  two  series  give  us  two  values  for  the  molecular 
weight  of  VOClg : 

From  the  volumetric  series VOClg  =  173.096,  db  .126 

"        gravmietric    "     .—     "      =173.276,^.141 

General  mean «•      =  173.177,  =h  .094 

Hence  V  =  51.104,  ±  .104. 

Combining  the  two  values  for  V  we  get  the  following 
result: 

From  VjOj V  =  51.264,  rh  .025 

••      VOCl, "  =  51.104,  ±.  .104 

General  mean "  =  51.256,  ±  .024 

Or,  if  O  =  16,  V  =  51.373. 


ARSENIC. 


For  the  detennination  of  the  atomic  weight  of  arsenic 
two  compounds  have  been  studied;  the  chloride  and  the 
trioxide.  The  bromide  may  also  be  considered,  since  it  was 
analyzed  by  Wallace  in  order  to  establish  the  atomic  weight 
of  bromine.  His  series,  in  the  light  of  more  recent  knowl- 
edge, may  properly  be  inverted,  and  applied  to  the  determi- 
nation of  arsenic. 

In  1826,  Berzelius  *  heated  arsenic  trioxide  with  sulphur 

*  Poggend.  Anno].,  8,  I. 
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in  such  a  way  that  only  SO,  could  escape.  2.203  grammes 
of  AsjOg,  thus  treated,  gave  a  loss  of  1.069  of  SO,.  Hence 
As  =  74.840.  This  is  a  close  estimation ;  but,  being  drawn 
from  a  single  experiment,  has  so  little  weight  that  it  need 
not  be  included  in  our  final  general  mean. 

In  1845  Pelouze*  applied  his  method  of  titration  with 
known  quantities  of  pure  silver  to  the  analysis  of  the  tri- 
chloride of  arsenic,  AsClg.  Using  the  old  Berzelian  atomic 
weights,  and  putting  Ag  =  1349.01,  and  CI  =  443.2,  he 
found  in  three  experiments  for  As  the  values  937.9,  937.1, 
and  937.4.  Hence  100  parts  of  silver  balance  the  following 
quantities  of  AsCl, : 

56.029 
56.009 
56.016 


Mean,  56.018,  di  .004 

Later,  the  same  method  was  employed  by  Dumas,t  whose 
weighings,  reduced  to  the  foregoing  standard,  give  the  fol- 
lowing results : 

4.298  grra.  AsQ,  =  7.673  grm.  Ag.  Ratio,  56.015 

5.535             "             9880        "  56.022 

7.660             "           13.686        **  55.970 

4.680             '•             8.358        "  55.993 


Mean,  56.000,  ^  .008 

The  two  series  of  Pelouze  and  Dumas,  combined,  give  a 
general  mean  of  56.014,  +  .0035,  as  the  amount  of  AsCl, 
equivalent  to  100  parts  of  silver.  Hence  As  =  74.829,  ± 
.048,  a  value  closely  agreeing  with  that  deduced  from  the 
single  experiment  of  Berzelius. 

The  same  process  of  titration  with  silver  was  applied  by 
Wallace!  to  the  analysis  of  arsenic  tribromide,  AsBr,.  This 
compound  was  repeatedly  distilled  to  ensure  purity,  and 
was  well  crystallized.    His  weighings  show  that  the  quanti- 

*  Compt.  Rend.,  20,  1047. 

t  Ann.  Chim.  Phys.,  (3,)  55,  174.     1859. 

X  Philoscfphical  Magazine,  (4,)  18,  279. 


ARSENIC.  187 

ties  of  bromide  given  in  the  third  column  are  proportional 
to  100  parts  of  silver :  ,  / 

8.3246  grm.  AsBr,  =  8.58  grm.  Ag.  97-023 

.      4.4368  "  4.573      "  97.022 

5.098  "  5.257      "  96.970 


Mean,  97.005,  ±  .012 

Hence  As  =  74.046,  dz  .058.  Why  this  value  should  be 
so  much  lower  than  that  from  the  chloride  is  unexplained. 

The  volumetric  work  done  by  Kessler,*  for  the  purpose 
of  establishing  the  atomic  weights  of  chromium  and  of 
arsenic,  has  already  been  described  in  the  chromium  chap- 
ter. In  that  investigation  the  amount  of  potassium  dichro- 
mate  required  to  oxidize  100  parts  ofAsjOgtoASjOj  was 
determined,  and  compared  with  the  quantity  of  potassium 
chlorate  necessary  to  produce  the  same  effect.  From  the 
molecular  weight  of  KCIO3,  that  of  KjCrjO,  was  then 
calculable. 

From  the  same  figures,  the  molecular  weights  of  KCIO3 
and  of  K,X]Jr,Ot  being  both  known,  that  of  AsjOj  may  be 
easily  determined.  The  quantities  of  the  other  compounds 
proportional  to  100  parts  of  AsjOg  are  as  follows: 

Hr^Cr^Oj,  KClOy 

98.95  41.156 

98.94  41. 1 16 

99.17  41.200 

98.98  41.255 

99.08  41.201 

99.15  41.086 
41.199 

Mean,  99.045,  ik  .02{   ^  41.224 

41. 161 

41.193 
41.149 

41.126 


Mean,  41.172,  di  .009 


*  Poggond.  Annal.,95,  204.     1855.     ^Iso  113,  134.     1861. 
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Another  series  with  the  bichromate  gave  the  following 

figures: 

99.08 
99.06 
99.10 

98.97 
98.97 

Mean,  99.036,  db  •019 
Mean  of  previous  series,  99.045,  db  .028 

General  mean,  99.039,  db  .016 

Other  defective  series  are  given  to  illustrate  the  partial 
oxidation  of  the  As^O,  by  action  of  air.  The  forgoing 
figures  give  us  two  distinct  values  for  the  molecular  weight 
of  As 2 O,.  In  calculating  from  the  bichromate  resiults  the 
value  for  chromium  deduced  from  Siewert's  determinations 
will  be  used,  viz.,  Cr  =  52.009,  ib  .025. 

From  KQO,  series As^O,  =  197.996,  dr  .049 

"     K,Cr,0,  "     "      =  197.777.  =fc  -051 

General  mean "      =  197.894,  dt  .035 

Hence  As  =  75.002,  ±  .018. 

The  general  mean  for  As  comes  out  as  follows : 

From  AsQ, —As  =  74.829,  dr  .048 

AsBr, •*  =  74.046,  d=  .058 

AsjO, "  =  75.002,  db  .018 

General  mean "   =  74.918,  dt  .016 

If  0  =  16,  then  As  becomes  =  75.090. 


« 
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After  some  earlier,  unsatisfactory  determinations,  Ber- 
zelius,*  in  1826,  published  his  final  estimation  of  the  atomic 
weight  of  antimony.  He  oxidized  the  metal  by  means  of 
nitric  acid,  and  found  that  100  parts  of  antimony  gave 
124.8  of  SbjO^.     Hence,  if  0  =  16,  Sb  =  129.03.     The 

*  Poggend.  Annal.,  8,  i. 
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value  129  remained  in  general  acceptance  until  1855,  when 
Kessler,*  by  special  volumetric  methods,  showed  that  it  was 
certainly  much  too  high.  Kessler's  results  will  be  consid- 
ered more  fully  further  along,  in  connection  with  a  later 
paper ;  for  present  purposes  a  brief  statement  of  his  earlier 
conclusions  will  suffice.  Antimony,  and  various  compounds 
of  antimony,  were  oxidized  partly  by  potassium  anhydro- 
chromate  and  partly  by  potassium  chlorate ;  and  from  the 
amounts  of  oxidizing  agent  required,  the  atomic  weight  in 
question  was  deduced : 

By  oxidation  of  Sh^O,  from  loo  parts  of  Sb Sb  =  123.84 

Sb  with  KjCrfij «   =  123.61 

KCIO,  -f  KjCrfi^. "   =  123.72 

Sb,0,  with"  "       "=123.80 

Sb,.S,  with  K,Cr,0^ "  =  123.58 

tartar  emetic "   =  119.80 


« 

<«  it 

« 


The  figures  given  are  those  calculated  by  Kessler  him- 
self. A  recalculation  with  our  newer  atomic  weights  for  0, 
K,  CI,  Cr,  S,  and  C,  would  yield  slightly  lower  values.  It 
will  be  seen  that  five  of  the  estimates  agree  closely,  while 
one  diverges  widely  from  the  others.  It  will  be  shown  here- 
after that  the  concordant  values  are  all  vitiated  by  constant 
errors,  and  that  the  exceptional  figure  is  after  all  the  best. 

Shortly  after  the  appearance  of  Kessler's  first  paper, 
Schneider  f  published  some  results  obtained  by  the  reduc- 
tion of  aJitimony  sulphide  in  hydrogen.  The  material 
chosen  was  a  very  pure  stibnite  from  Amsberg,  of  which 
the  gangiae  was  only  quartz.  This  was  corrected  for,  and 
correctioii^  were  also  applied  for  traces  of  undecomposed 
sulphide  C€u:ried  off  mechanically  by  the  gas  stream,  and 
for  traces  of  sulphur  retained  by  the  reduced  antimony. 
The  latter  sulphur  was  estimated  as  barium  sulphate.  From 
3.2  to  10-6  grammes  of  material  were  taken  in  each  experi- 
ment. The  final  corrected  percentages  of  S  in  SbjS,  were 
as  follows : 


*  Poggend.  Aimal.,  95*  215. 

f  Poggend.  Annal.,  98,  293.     1856.     Preliminary  note  in  Bd.  97. 
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28.559 
28.557 
28.501 

28.554 
28.532 
28.485 
28.492 
28.481 


Mean,  28.520,  dr  .008 

Hence,  if  S  =  32,  Sb  =  120.3. 

Immediately  after  the  appearance  of  Schneider's  memoir, 
Rose  *  published  the  result  of  a  single  analysis  of  antimony 
trichloride,  previously  made  under  his  supervision  by  Weber. 
This  analysis,  if  CI  =  35.5,  makes  Sb  =  120.7,  a  value  of 
no  great  weight,  but  in  a  measure  confirmatory  of  that  ob- 
tained by  Schneider. 

The  next  research  upon  the  atomic  weight  of  antimony 
was  that  of  Dexter,t  published  in  1857.  This  chemist,  hav- 
ing tried  to  determine,  the  amount  of  gold  precipitable  by 
a  known  weight  of  antimony,  and  having  obtained  discord- 
ant results,  finally  resorted  to  the  original  method  of  Ber- 
zelius.  Antimony,  purified  with  extreme  care,  was  oxidized 
by  nitric  acid,  and  the  gain  in  weight  was  determined. 
From  1.5  to  3.3  grammes  of  metal  were  used  in  each  experi- 
ment. The  reduction  of  the  weights  to  a  vacuum  standard 
was  neglected  as  being  superfluous.  From  the  data  ob- 
tained, we  get  the  following  percentages  of  Sb  in  SbjO^ : 

79.268 
79.272 

79-255 

79.266 

79.253 
79.271 

79.264 

79.260 

79.286 


*  Poggend.  Annal.,  98, 455.  1856. 
t  Poggend.  Annal.,  100,  563. 


ANTIMONY.  191 

79.274 
79.232 

79.395 
79.379 


Mean,  79.283,  d:  .009 

Hence,  if  O  =  16,  Sb  =  122.46. 

The  determinations  of  Dumas*  were  pnblished  in  1859. 
This  chemist  sought  to  fix  the  ratio  between  silver  and 
antimonious  chloride,  and  obtained  results, for  the  atomic 
weight  of  antimony  quite  near  to  those  of  Dexter.  The 
SbClj  was  prepared  by  the  action  of  dry  chlorine  upon  pure 
antimony;  it  was  distilled  several  times  over  antimony 
powder,  and  it  seemed  to  be  perfectly  pure.  Known  weights 
of  this  preparation  were  added  to  solutions  of  tartaric  acid 
in  water,  and  the  silver  chloride  was  precipitated  without 
previous  removal  of  the  antimony.  Here,  as  Cooke  has 
since  shown,  is  a  possible  source  of  error,  for  under  such 
circumstances  the  crystalline  argento-antimonious  tartrate 
may  also  be  thrown  down  and  contaminate  the  chloride  of 
silver.  But  be  that  as  it  may ;  Dumas'  weighings,  reduced 
to  a  common  standard,  give  as  proportional  to  100  parts  of 
silver,  the  quantities  of  SbClg  which  are  stated  in  the  third 
of  the  subjoined  columns : 

1.876  grm.  SbG,  =  2.660  grm.  Ag.  70.526 


4.336 

6.148 

« 

70.527 

5065 

7.175 

« 

70.592 

3.475 

4.930 

i< 

70.487 

3767 

5.350 

« 

70.41 1 

5.910 

8.393 

it 

70.416 

4.828 

6.836 

« 

70.626 

Mean,  70.512,  ^  .021 

Hence,  if  Ag  =  108,  and  CI  =  355,  Sb  =  122. 

In  1861  Kessler's  second  paper  f  relative  to  the  atomic 
weight  of  antimony  appeared.  Kessler's  methods  were 
somewhat  complicated,  and  for  fiiU  details  the  original 
memoirs  must  be  consulted.  A  standard  solution  of  potas- 
sium anhydrochromate  was  prepared,  containing  6.1466 

♦Ann.  Chim.  Phys.,  (3,)  55,  175. 
f  Poggend.  Annal.,  113,  145. 
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grammes  to  the  litre.  With  this,  solutions  containing 
known  quantities  of  antimony  or  of  antimony  compounds 
were  titrated,  the  end  reaction  being  adjusted  with  a  stand- 
ard solution  of  ferrous  chloride.  In  some  cases  the  titration 
was  preceded  by  the  addition  of  a  definite  .weight  of  potas- 
sium chlorate,  insu£Scient  for  complete  oxidation ;  the  an- 
hydrochromate  then  served  to  finish  the  reaction.  T^t 
object  in  view  was  to  determine  the  amount  of  oxidizing 
agent,  and  therefore  of  oxygen,  necessary  for  the  conver- 
sion of  known  quantities  of  antimonious  into  antimonic 
compounds. 

In  the  later  paper  Kessler  refers  to  his  earlier  work,  and 
shows  that  the  values  then  found  for  antimony  were  all  too 
high,  except  in  the  case  of  the  series  made  with  tartar 
emetic.  That  series  he  merely  states,  and  subsequently 
ignores,  evidently  believing  it  to  be  unworthy  of  further 
consideration.  For  the  remaining  series  he  points  out  the 
sources  of  error.  These  need  not  be  rediscussed  here,  as  the 
discussion  would  have  no  value  for  present  purposes ;  suffice 
it  to  say  that  in  the  series/  representing  the  oxidation  of 
Sb^O,  with  anhydrochromate  and  chlorate,  the  material 
used  was  found  to  be  impure.  Upon  estimating  the  im- 
purity and  correcting  for  it,  the  earlier  value  of  Sb  =  123.80 
becomes  Sb  =  122.36,  according  to  Kessler's  calculations. 

In  the  paper  now  under  consideration  four  series  of  results 
are  given.  The  first  represents  experiments  made  upon  a 
pure  antimony  trioxide  which  had  been  sublimed,  and  which 
consisted  of  shining  colorless  needles.  This  was  dissolved, 
together  with  some  potassium  chlorate,  in  hydrochloric  acid, 
and  titrated  with  anhydrochromate  solution.  Six  experi- 
ments were  made,  but  Kessler  rejects  the  first  and  second  as 
untrustworthy.    The  data  for  the  others  are  as  follows : 


Sd^Oy 

ATC/Oy 

K^Cr^O^  scL  im  cc 

1.7888  grm. 

.4527  grm. 

19.2  cc. 

1.6523    " 

.4506    " 

3.9   " 

3.2998    " 

.8806    " 

16.5    " 

1.3438    " 

.3492    " 

10.2   " 

From  these  figures  Kessler  deduces  Sb  =  122.16. 
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These  data,  reduced  to  a  common  standard,  give  the  fol- 
lowing quantities  of  oxygen  needed  to  oxidize  100  parts  of 
SbjOj  to  SbjOg.  Each  cubic  centimetre  of  the  K,Cr,0, 
solution  corresponds  to  one  milligramme  of  0 : 

10.985 
10.939 
10.951 
10.936 


Mean,  10.953,  ^  -0075 

In  the  second  series  of  experiments  pure  antimony  was 
dissolved  in  hydrochloric  acid  with  the  aid  of  an  unweighed 
quantity  of  potassium  chlorate.  The  solution,  containing 
both  antimonious  and  antimonic  compounds,  was  then  re- 
duced entirely  to  the  antimonious  condition  by  means  of 
stannous  chloride.  The  excess  of  the  latter  was  corrected 
with  a  strong  hydrochloric  acid  solution  of  mercuric  chlo- 
ride, then,  after  diluting  and  filtering,  a  weighed  quantity 
of  potassium  chlorate  was  added,  and  the  titration  with  an- 
hydrochromate  was  performed  as  usual.  Calculated  as 
above,  the  percentages  of  oxygen  given  in  the  last  column 
correspond  to  100  parts  of  antimony : 


1.636  gnn. 
3.0825. " 
4.5652  " 

KClOj,, 

0.5000  grm. 
0.9500     " 
1.4106     " 

K^Cr^O^  soL  cc. 

18,3 
302 
45.5 

Per  cent.  0, 

13.088 
13.050 
13-098 

Mean,  13.079,  zfc  .0096 

This  series  gave  Kessler  Sb  =  122.34. 

The  third  and  fourth  series  of  experiments  were  made 
with  pure  antimony  trichloride,  SbCl,,  prepared  by  the  action 
of  mercuric  chloride  upon  metallic  antimony.  This  prepa- 
ration, in  the  third  series,  was  dissolved  in  hydrochloric 
acid,  and  titrated.  In  one  experiment  solid  KjCrjO,  in 
weighed  amount  was  added  before  titration :  in  the  other  ^ 
two  estimations  KClOg  was  taken  as  usual.  If,  according 
to  Siewert's  work,  we  take  Cr  =  52,009,  the  percentages  of 
oxygen  in  the  last  column  correspond  to  100  parts  of  SbCl, : 
13 
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Per  cent,  0. 
1.8576  grm.  SbCl,  needed  .5967  grm.  K^Cr fi^  and  33.4  cc.  sol.  7.0338 
1.9118  "  .3019     "      KCIO,     "    i6.2      "        7.0321 

4.1235  "  .6801     "  "  "    23.2      "        7.0222 

Mean,  7.0294,  ±  .0024 

The  fourth  set  of  experiments  was  gravimetric.  The 
solution  of  SbClg,  mixed  with  tartaric  acid,  was  first  pre- 
cipitated by  hydrogen  sulphide,  in  order  to  remove  the 
antimony.  The  excess  of  H,S  was  corrected  by  copper 
sulphate,  and  then  the  chlorine  was  estimated  as  silver  chlo- 
ride in  the  ordinary  manner.  100  parts  of  AgCl  correspond 
to  the  amounts  of  SbCl,  given  in  the  third  column. 


1.8662  grai.  SbCl, 

gave  3.483  grm 

.  AgCl. 

53.580 

1.6832 

3. 141 

53.588 

2.7437 

5.1115 

53.677 

2.6798               " 

5.0025 

53569 

5.047 

9.41 1 

53.629 

3-8975 

7.2585 

53.696 

Mean,  53.623,  ±:  .015 

The  volumetric  series  with  SbClj  gave  Kessler  values  for 
Sb  ranging  from  121.16  to  121.47.  The  gravimetric  series, 
on  the  other  hand,  yielded  results  from  Sb  =  12412  to  124.67. 
This  discrepancy  Kessler  rightly  attributes  to  the  presence 
of  oxygen  in  the  chloride ;  and,  ingeniously  correcting  for 
this  error,  he  deduces  from  both  sets  combined,  the  value  of 
Sb  =  122.37. 

The  several  mean  results  for  antimony  agree  so  fairly 
with  each  other,  and  with  the  estimates  obtained  by  Dexter 
and  Dumas,  that  we  cannot  wonder  that  Kessler  felt  satisfied 
of  their  general  correctness,  and  of  the  inaccuracy  of  the 
figures  published  by  Schneider.  Still,  the  old  series  of  data 
obtained  by  the  titration  of  tartar  emetic  with  anhydrochro- 
mate  contained  no  evident  errors,  and  was  not  accounted 
for.  This  series,*  if  we  reduce  all  of  Kessler's  figures  to  a 
single  common  standard,  give  a  ratio  between  K.CrjO: 
and  C^H.KSbO^.iH.O.  100  parts  of  the  former  will  oxi- 
dize of  the  latter : 

*  Poggend.  Annal.,  95,  217. 
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336.64 
338.01 

336.83 
337-93 
338.59 
335.79 


Mean,  337.30,  =b  .29 

From  this,  if  KjCrjO^  =  294.64,  Sb  =  119.8. 

The  newer  atomic  weights  found  in  the  previous  chapters 
of  this  work  will  be  applied  to  the  discussion  of  all  these 
series  further  along.  It  may,  however,  be  properly  noted  at 
this  point,  that  the  probable  errors  assigned  to  the  percent- 
ages of  oxygen  in  three  of  Kessler's  series  are  too  low. 
These  percentages  are  calculated  from  the  quantities  of 
KCIO3  involved  in  the  several  reactions,  and  their  probable 
errors  should  be  increased  with  reference  to  the  probable 
error  of  the  molecular  weight  of  that  salt.  The  necessary 
calculations  would  be  more  laborious  than  the  importance 
of  the  figures  would  warrant,  and,  accordingly,  in  comput- 
ing the  final  general  mean  for  antimony,  Kessler's  figures 
will  receive  somewhat  higher  weight  than  they  are  legiti- 
mately entitled  to. 

Naturally,  the  concordant  results  of  Dexter,  Kessler,  and 
Dumas  led  to  the  general  acceptance  of  the  value  of  122  for 
antimony  as  against  the  lower  figure  120  of  Schneider. 
Still,  in  1871,  Unger  *  published  the  results  of  a  single  anal- 
ysis of  Schlippe's  salt,  Na3SbS4.9H20.  This  analysis  gave 
Sb  =  119.76,  if  S  =  32  and  Na  =  23,  but  no  great  weight 
could  be  attached  to  the  determination.  It  served,  never- 
theless, to  show  that  the  controversy  over  the  atomic  weight 
of  antimony  was  not  finally  settled. 

More  than  ten  years  after  the  appearance  of  Kessler's 
second  paper  the  subject  of  the  atomic  weight  of  antimony 
was  again  taken  up,  this  time  by  Professor  Cooke.  His  re- 
sults appeared  in  the  autumn  of  1877,t  and  were  conclusive 
in  favor  of  the  lower  value,  approximately  120.    For  full 


♦  Archiv.  der  Fharmacie,  197,  194.     Quoted  by  Cooke, 
f  Proceedings  American  Academy,  v.  13. 
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details  the  original  memoir  must  be  consulted ;  only  a  few 
of  the  leading  points  can  be  cited  here. 

Schneider  analyzed  a  sulphide  of  antimony  which  was 
already  formed.  Cooke,  reversing  the  method,  effected  the 
synthesis  of  this  compound.  Known  weights  of  pure  anti- 
mony were  dissolved  in  hydrochloric  acid  containing  a  little 
nitric  acid.  In  this  solution  weighed  balls  of  antimony 
were  boiled  until  the  liquid  became  colorless ;  subsequently 
the  weight  of  metal  lost  by  the  balls  was  ascertained.  To 
the  solution,  which  now  contained  only  antimonious  com- 
pounds, tartaric  acid  was  added,  and  then,  with  a  supersat- 
urated aqueous  sulphhydric  acid,  antimony  trisulphide  was 
precipitated.  The  precipitate  was  collected  by  an  ingenious 
process  of  reverse  filtration,  converted  into  the  black  modi- 
fication by  drying  at  210°,  and  weighed.  After  weighing, 
the  SbjSs  was  dissolved  in  hydrochloric  acid,  leaving  a  car- 
bonaceous residue  unacted  upon.  •  This  was  carefully  esti- 
mated and  corrected  for.  About  two  grammes  of  antimony 
were  taken  in  each  experiment  and  thirteen  syntheses  were 
•performed.  In  two  of  these,  however,  the  antimony  tri- 
sulphide was  weighed  only  in  the  red  modification,  and  the 
results  were  uncorrected  by  conversion  into  the  black  va- 
riety and  estimation  of  the  carbonaceous  residue.  In  fact, 
every  such  conversion  and  correction  was  preceded  by  a 
weighing  of  the  red  modification  of  the  Sb,S,.  The  mean 
result  of  these  weighings,  if  S  =  32,  gave  Sb  =  119.991 
The  mean  result  of  the  corrected  syntheses  gave  Sb  = 
120.295.  In  these  eleven  experiments  the  following  per- 
centages of  S  in  SbjSj  were  established : 

28.57 
28.60 
28.57 

28.43 
28.42 

28.53 
28.50 

28.49 
28.58 
28.50 
28.51 

Mean,  28.5182,  d=  .0120 
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These  results,  confirmatory  of  the  work  of  Schneider, 
were  presented  to  the  American  Academy  in  1876.  Still, 
before  publication,  Cooke  thought  it  best  to  repeat  the  work 
of  Dumas,  in  order  to  detect  the  cause  of  the  old  discrepancy 
between  the  values  Sb  =  120  and  Sb  =  122.  Accordingly, 
various  samples  of  antimony  trichloride  were  taken,  and 
purified  by  repeated  distillations.  The  final  distillate  was 
fiirtlier  subjected  to  several  recrystallizations  from  the  fused 
state;  or,  in  one  case,  from  a  saturated  solution  in  bisulphide 
of  carbon.  The  portions  analyzed  were  dissolved  in  con- 
centrated aqueous  tartaric  acid,  and  precipitated  by  silver 
nitrate,  many  precautions  being  observed.  The  silver  chlo- 
ride was  collected  by  reverse  filtration,  and  dried  at  temper- 
atures from  110°  to  120°.  In  one  experiment  the  antimony 
was  first  removed  by  HjS.  Seventeen  experiments  were 
made,  giving,  if  Ag  =  108  and  CI  =  35,5,  a  mean  value  of 
Sb  =  121.94.  If  we  reduce  to  a  common  standard,  Cooke's 
analyses  give,  as  proportional  to  100  parts  of  AgCl,  the 
quantities  of  SbClj  stated  in  the  third  column: 

1.5974  giro.  SbQ,  gave  3.0124  girm.  AgCl.         53.028 

53.061 


1.2533 

ti 

2.3620 

.8876 

«* 

1.6754 

.8336 

t» 

1.5674 

.5326 

i< 

I. 002 I 

.7270 

i< 

I. 3691 

1.2679 

« 

2.3883 

1.9422 

« 

3.6646 

1.7702 

t< 

3.3384 

2.5030 

II 

4.7184 

2.1450 

ti 

4.0410 

1.7697 

t( 

3.3281 

2-3435 

<i 

4-4157 

1.3686 

(i 

2.5813 

1.8638 

i< 

3.5M6 

2.0300 

tt 

3.8282 

2.4450 

K 

4.6086 

II 
It 
II 
II 
<l 
II 
II 

41 
i< 
(I 

f« 
«l 

II 

it 

11 

*l 


52.978 
53.184 
53.148 
53.101 
53088 
52.999 
53025 
53.048 
53081 

53.175 
53.072 
53.020 
53030 
53.028 

53.053 


Mean,  53.066,  d=  .0096 

This  mean  may  be  combined  with  that  of  Kessler's  series, 
as  follows : 
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Kesslcr 53-623.    ^  .015 

Cooke 53.066,    d=  .0096 


mean 53.2311,  d:  .008 

The  results  thus  obtained  with  SbCl,  confirmed  Dumas' 
determination  of  the  atomic  weight  of  antimony  as  remark- 
ably as  the  syntheses  of  Sb^S,  had  sustained  the  work  of 
Schneider.  Evidently,  in  one  or  the  other  series  a  constant 
error  must  be  hidden,  and  much  time  was  spent  by  Cooke 
in  searching  for  it.  It  was  eventually  found  that  the  chlo- 
ride of  antimony  invariably  contained  traces  of  oxychloride, 
an  impurity  which  tended  to  increase  the  apparent  atomic 
weight  of  the  metal  under  consideration.  If  was  also  found, 
in  the  course  of  the  investigation,  that  hydrochloric  acid 
solutions^  of  antimonious  compounds  oxidize  in  the  air  dar- 
ing boiling  as  rapidly  as  ferrous  compounds ;  a  &ct  which 
explains  the  high  values  for  antimony  found  by  Kessler. 

In  order  to  render  ''assurance  doubly  sure,"  Professor 
Cooke  also  undertook  the  analysis  of  the  bromide  and  the 
iodide  of  antimony.  The  bromide,  SbBr,,  was  prepared  by 
adding  the  finely  powdered  metal  to  a  solution  of  bromine 
in  carbon  disulphide.  It  was  purified  by  repeated  distilla- 
tion over  pulverized  antimony,  and  by  several  recrystalliza- 
tions  from  bisulphide  of  carbon.  The  bromine  determina- 
tions resembled  those  of  chlorine,  a&d  gave,  if  Ag  =  108 
and  Br  =  80,  a  mean  value  for  antimony  of  Sb  =  120. 
Reduced  to  a  common  standard,  the  fifteen  analyses  give 
the*subjoined  quantities  of  SbBr,  proportional  to  100  parts 
of  silver  bromide : 

1. 862 1  grm.  SbBr,  gave  2.9216  grm.  AgBr.  63.736 


.9856 

1.5422 

■*i 

63.909 

1.8650     * 

2.9268 

<( 

63,721 

1 5330 

2.4030 

tt 

63.795 

1.3689 

2. 1445 

tt 

63.833 

I<2124        * 

I.899I 

€t 

63.841 

•9417 

1.4749 

(f 

63.848 

2.5404 

3-9755 

tl 

63.901 

1.5269 

2.3905 

tt 

63.874 

1.8604 

*      2.9180 

tt 

65.756 

1.7298 

•      2.7083 

tt 

63.870 
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3.2838  grm.  SbBr,  gave  5.1398  grm.  AgBr. 
2.3589  «  3.6959 

1.3323  M  2.0863 

2.6974  **  4.2285 


<( 


<( 


u 


63.890 
63.825 

63.859 
63.791 


Mean,  63.830,  d=  .008 

The  iodide  of  antimony  was  prepared  like  the  bromide, 
and  analyzed  in  the  same  way.  At  first,  discordant  results 
were  obtained,  due  to  the  presence  of  oxyiodide  in  the  iodide 
studied.  The  impurity,  however,  was  removed  by  sublim- 
ing the  iodide  in  an  atmosphere  of  dry  carbon  dioxide. 
With  this  purer  material,  seven  estimations  of  iodine  were 
made,  giving,  if  Ag  =  108  and  I  =  127,  a  value  for  anti- 
mony of  Sb  =  120.  Reduced  to  a  uniform  standard,  Cooke's 
weighings  give  the  following  quantities  of  Sbig  proportional 
to  100  parts  of  silver  iodide : 


1. 1877  grm.  Sbl,  gave  1.6727  grm.  Agl. 


.4610 

.6497 

3.2527 

4.5716 

1.8068 

2.5389 

1.5970 

2.2456 

2.3201 

3.2645 

.3496 

.4927 

71.005 

70.956 
71.150 
71.165 
71.117 
71.071 
70.956 


Mean,  71.060,  rfc  .023 

Although  Cooke's  work  was  practically  conclusive,  as 
between  the  rival  values  for  cintimony,  his  results  were 
severely  criticized  by  Kessler,*  who,  evidently,  had  read 
Cooke's  paper  in  a  very  careless  way.  On  the  other  hand, 
Schneider  published  in  Poggendorff's  Annalen  a  friendly 
review  of  the  new  determinations,  which  so  splendidly  vin- 
dicated his  own  accuracy.  In  reply  to  Kessler,  Cooke  un- 
dertook still  another  series  of  experiments  with  antimony 
bromide,t  ai^d  obtained  absolute  confirmation  of  his  pre- 
vious results.  To  a  solution  of  antimony  bromide  was 
added  a  solution  containing  a  known  weight  of  silver  not 
quite  sufficient  to  precipitate  all  the  bromine.    The  excess 


*Berichte  d.  Deutsch.  Chem.  Gesell.,  12,  1044.     1879. 

f  Amer.  Jouni.  Sci.  and  Arts,  May,  1880.     Berichte,  13,  951. 
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0/ tie  latter  m  estimated  by  titmtion  with  a  normal  silver 

wiatioiL   Five  analyses  gaye  valnes  for  antimony  rangiiis 

from  ] J9.98  to  120.02,  when  Ag  =  108  and  Br  =  80.  Re- 

dDced  to  a  common  standard,  the  weights  obtained  gave 

the  amounts  of  SbBr,  stated  in  the  third  column  as  pro[K>r- 

tional  to  100  parts  of  silver: 

2.5032  gnn.  SbBr,  =  2.252^  gnn.  Ag. 
2.0567         "  1.8509      « 

2.6512         "  2.3860      •• 

3-3053         "  2.9749      - 

^•7495  "  2.4745      - 


Mean, 


11.115 
n.119 
11.115 
It.  106 
n.113 


iM(4t  ±0014 


Schneider,*  also,  in  order  to  more  fully  answer  Kessler's 

objections,  repeated  his  work  upon  the  Amsberg  stibnite. 

This  he  reduced  in  hydrogen  as  before,  correcting  scrupu- 

Joufliy  for  impurities.    The  following  percentages  of  sulphur 

were  found  : 

28.546 

2&534 
28.542 

Mean,  28.541,  ±  0024 

These  figures  confirm  his  old  results,  and  may  be  fiirly 
combined  with  them  and  with  the  percentages  found  by 
Cooke,  as  follows  ; 


Schneider,  early  scries 28.520,   ±  .008 

«        Jatc       «    28,541,   ±:.0024 

Cooke - 28.5182,  ±  .0120 


General  mean 28.5385,  ±  .0023 

We  have  now  before  us  the  following  ratios,  good  and 
had  from  which  to  calculate  the  atomic  wdght  of  antimony. 
The  single  results  obtained  by  Weber  and  by  Unger,  being 
unimportant,  are  not  included  : 

/I.)  percentage  of  S  in  Sh^S^  28.5585,  ±  .0023 

(2.)         "  ^  "*  ^^4'  79-283,  ±  .009 

/,  \  0  needed  to  oxidize  100  parts  Sbd,,  7.0294,  ±  .0024 
^,)0  "  "  Sh,Op  10.953,  -  .0075 

f^.)  0  '*  "  Sb,  13.079,  ±  .0096 


*Jonin.  fill  Prakt.  Cbem.,  (a.)  22, 131. 


ANTIMONY. 


201 


:U  (6.)  K^Cr^O^  :  tartar  emetic  : :  lOO  :  337.30,  d=  .29 

(7.)  Ag  :  SbCl,  ; :  100  :  70.512,  :t  .021 

(8.)  AgQ  :  SbClj  • :  100  :  53.2311,  ±  .008 

r  (9.)  Ag  :  SbBr,  : :  100  :  III. 114,  db  .0014 

(10.)  AgBr  :  SbBr,  i :  100  :  63.830,  db  .008 

.    (II.)  Agl  :  Sbl,  ::  100  :  71.060,  d=  .023 
I' 

Three  of  these  ratios  give  estimates  for  the  molecular 
veight  of  antimony  trichloride,  and  two  give  correspond- 
ng  values  for  the  bromide.  These  values  may  be  combined, 
IS  follows :  First,  for  the  chloride  we  have — 

From   (3) SbCl,  =r  227.094,  d=  .115 


i« 


t( 


(7) 

(8) 

General  mean 


<f 


<i 


« 


=  227.771,  db  .091 
=  228.433,  ;fc  -039 

=  228.225,  ±  -034 


iL 


Hence  Sb  =  122.115,  db  .055. 
For  the  bromide  we  get : 

From  (9) . SbBr,  =  358.926,  d:  .032 

"    (10) «     =  358.935»  ± -060 

General  mean "     =  358.929,  db  .029 

Hence  Sb  =  119.625,  ±  .063. 

From  all  the  data  eight  values  for  Sb  may  be  deduced. 
These  fall  into  two  groups ;  the  one  near  the  number  120, 
the  other  not  far  from  122.  In  making  the  calculation  the 
atomic  weights  found  in  previous  chapters  are  applied; 
the  value  selected  for  chromium  being  that  deduced  from 
Siewert's  experiments : 


I.  From  Sb^S,,  ratio  (i) Sb  =  120.145,  dz  .045  ^ 


.2. 

3. 
4. 

5. 
6. 

7. 
8. 


SbBrj... 


•I 


(« 


•I 


« 


<t 


(I 


Low. 


High. 


"   =  119-625,  zh  .063 

Sbl,,  ratio  (11) "  =  119.665,  di  .179 

tartar  emetic,  ratio  (6) "  =  118.690,  db  .278 

Sb^O^,  ratio  (2) "  =  122.181,  ±  .061 

SbCl, "  =  122.115,  db  .055 

ratio  (4) "  =  121.798,  db  .105 

"    (5) "  =  122.053,  ±  .094 

General  mean **  =  121.027,  db  .025 

General  mean  of  values  i  to  4-.  *'   •=.  119.935,  =^  '^S^ 
"  "  5  "  8—  "   =  122.092,  ±  .035 

Although  the  means  of  the  four  lower  values  and  of  the 
four  higher  values  are  thus  shown  to  be  approximately 
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equal  in  weight,  we  know  from  Cooke's  experiments  that 
the  larger  mean  is  vitiated  by  serious  constant  errors.  Only 
in  value  5,  the  result  calculated  from  Dexter's  experiments, 
has  the  constant  error  not  been  pointed  out.  Cooke  consid- 
ers it  probable,  however,  that  the  Sb,0^  involved  in  this 
work  contained  traces  of  some  lower  oxide,  which,  if  present, 
would  render  the  atomic  weight  of  antimony  apparently  too 
high.  Chemically  considered,  the  preponderance  of  evi- 
dence is  strongly  in  favor  of  values  1  to  3,  deduced  from 
the  experiments  of  Schneider  and  of  Cooke.  These  give  a 
general  mean  of  Sb  =  119.955,  ±  .036;  or,  if  O  =  16,  this 
becomes  Sb  =  120.231. 

This  we  may  accept  as  most  nearly  the  true  result,  and 
reject  the  data  of  Dexter,  Dumas,  and  Kessler  altogether. 

Since  this  chapter  was  written,  Pfeifer  has  compared  the 
amount  of  antimony  thrown  down  electrolytically,  with  the 
quantity  of  silver  deposited  by  the  same  current  in  the  same 
time.  From  rather  meagre  data  he  concludes  that  the  atomic 
weight  of  antimony,  thus  determined,  may  be  121.  Addi- 
tional investigation  is  promised.  The  figures  thus  far  pub- 
lished would  weigh  little  as  against  Cooke's  experiments. 
(Ann.  Chem.  Pharm.,  209, 161.     1881.) 


BISMUTH. 


Early  in  the  century  the  combining  weight  of  bismuth 
was  approximately  fixed  through  the  experiments  of  Lager- 
hjelm.*  Effecting  the  direct  union  of  bismuth  and  sulphur, 
he  found  that  ten  parts  of  the  metal  yield  the  following  quan- 
tities of  trisulphide : 

12.2520 
12.2065 
12.2230 
12.2465 

Mean,  12.2320 


*  Annals  of  Philosophy,  4,  358.     181 4.     Results  adopted  by  Berzelias. 
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Hence  B  =  215  in  round  numbers,  a  value  now  known 
to  be  much  too  high.  Lagerhjelm  also  oxidized  bismuth 
with  nitric  acid,  and,  after  ignition,  weighed  the  trioxide 
thus  formed.  Ten  parts  of  metal  gave  the  following  quan- 
tities of  BijOa  • 

11.1382 
II. 1275 


Mean.  11.132S5 

Hence,  if  0  =  16,  Bi  =  211.85,  a  figure  still  too  high. 

In  1851  the  subject  of  the  atomic  weight  of  bismuth  was 
taken  up  by  Schneider,*  who,  like  Lagerhjelm,  studied  the 
oxidation  of  the  metal  with  nitric  acid.  The  work  was 
executed  with  a  variety  of  experimental  refinements,  by 
means  of  which  every  error  due  to  possible  loss  of  material 
was  carefully  avoided.  For  full  details  the  original  paper 
must  be  consulted ;  there  is  only  room  in  these  pages  for  the 
actual  results,  as  follows.  The  figures  represent  the  percen- 
tages of  Bi  in  Bi^Og : 

89.652 
89.682 
89.644 
89.634 
89.656 
89.666 
89.655 

89-653 


Mean,  89.6552,  d=  .0034 

Hence  Bi  =  207,523,  ±:  .082 ;  or,  if  0  =  16,  Bi  =  208.001. 

Finally,  we  come  to  the  results  obtained  by  Dumas.f 
Bismuth  trichloride  was  prepared  by  the  action  of  dry 
chlorine  upon  bismuth,  and  repeatedly  rectified  by  dis- 
tillation over  bismuth  powder.  The  product  was  weighed 
in  a  closed  tube,  dissolved  in  water,  and  precipitated  with 
sodium  carbonate.    In  the  filtrate,  after  strongly  acidulating 

*Poggend.  Aniial.,82,  303.     1851. 

t  Ann.  de  Chim.  et  de  Phys.,  (3,)  55,  176.     1859. 
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with  nitric  acid,  the  chlorine  was  precipitated  by  a  known 
amount  of  silver.  The  figures  in  the  third  column  show 
the  quantities  of  BiClj  proportional  to  100  parts  of  silver: 


3.506  gnn. 

BiC 

1»  =  3-545  gnn.  Ag. 

98.900 

1.149 

«< 

1. 168 

« 

9«.373 

1.5965 

« 

1.629 

i< 

98.005 

2.1767 

(( 

2.225 

f( 

97.829 

3.081 

« 

3- 144 

(( 

97996 

2.4158 

14 

2.470 

« 

97.806 

1.7107 

« 

1.752 

« 

97.643 

3523 

« 

3.6055 

fi 

- 

97.712 

5.241 

ft 

5361 

<i 

Mean, 

97.762 
,  98.003,  ±  .090 

Hence  Bi  =  210.464,  zb  .294. 

The  first  three  of  the  foregoing  series  of  experiments  were 
made  with  slightly  discolored  material,  and  may  therefore 
be  rejected.  The  remainfng  six  percentages  give  a  mean  of 
97.791 ;  whence  Bi  =  209.78 ;  or,  if  0  =  16,  Bi  =  210.26. 

As  between  the  unaccordant  results  of  Schneider  and  of 
Dumas,  those  of  the  former  chemist  are  probably  nearest 
correct.  His  method  of  determination  was  the  more  reliable, 
and  the  details  which  he  gives  concerning  his  manipulations 
afford  strong  presumptions  of  accuracy.  Doubtless  the  bis- 
muth trichloride  used  by  Dumas,  contained,  like  the  corres- 
ponding antimony  compounds,  traces  of  oxychloride.  We 
may  fairly  assume,  for  all  practical  purposes,  that  the  atomic 
weight  of  bismuth  cannot  be  far  from  208. 


TIN. 

Stannic  oxide  and  stannic  chloride  are  the  compounds 
which  have  been  studied  in  estimating  the  atomic  weight 
of  tin. 

The  composition  of  stannic  oxide  has  been  fixed  in  two 
ways ;  by  synthesis  from  the  metal,  and  by  reduction  in 
hydrogen.  For  the  first  method  we  may  consider  the  work 
of  Berzelius,  Mulder  and  Vlaanderen,  and  Dumas. 
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Berzelius  *  oxidized  100  parts  of  tin  by  nitric  acid,  and 
found  that  127.2  parts  of  SnO^  were  formed. 

The  work  done  by  Mulder  and  Vlaanderen  f  was  done  in 
connection  with  a  long  investigation  into  the  composition  of 
Banca  tin,  which  was  found  to  be  almost  absolutely  pure. 
For  the  atomic  weight  determinations,  however,  really  pure 
tin  was  taken,  prepared  from  pure  tin  oxide.  This  metal 
was  oxidized  by  nitric  acid,  with  the  following  results.  100 
parts  of  tin  gave  of  SnO, : 

127.56— Mulder. 
1 27. 56 — Vlaanderen. 
127.43— 


•Mean,  127.517,  ±.029 

Dumas]:  oxidized  pure  tin  by  nitric  acid  in  a  flask  of 
glass.  The  resulting  SnO,  was  strongly  ignited,  first  in  the 
flask,  and  afterwards  in  platinum.  His  weighings,  reduced 
to  the  foregoing  standard,  give  for  dioxide  from  100  parts 
of  tin  the  amounts  stated  in  the  third  column : 

12.443  gnn.  Sn  gave  15.820  grm.  SnO,.  127.14 

15.976  "  20.301  "  127.07 


Mean,  127.105,  d=  .024 

In  an  investigation  later  than  that  previously  cited, 
Vlaanderen  ||  found  that  when  tin  was  oxidized  in  glass  or 
porcelain  vessels,  and  the  resulting  oxide  ignited  in  them, 
traces  of  nitric  acid  were  retained.  When,  on  the  other 
hand,  the  oxide  was  strongly  heated  in  platinum,  the  latter 
was  perceptibly  attacked,  so  much  so  as  to  render  the  results 
uncertain.  He  therefore,  in  order  to  fix  the  atomic  weight 
•of  tin,  reduced  the  oxide  by  heating  it  in  a  porcelain  boat 
in  a  stteam  of  hydrogen.  Two  experiments  gave  Sn  = 
118.08,  and  Sn  =  118.24.  These,  when  0  =  16,  become,  if 
reduced  to  the  above  common  standard, 

*  Poggend.  Annal.,  8,  177. 

t  Joum.  flir  Prakt.  Chem.,  49,  35.     1849. 

t  Ann.  Chem.  Phann.,  113,  26. 

II  Jahresbericht,  1858,  183. 
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127.100 
127.064 


Mean,  127.082,  d=  .012 

We  have  now  four  series  of  results  showing  the  quantity 
of  SnO,  formed  from  100  parts  of  tin.  To  Berzelius'  single 
value  may  be  assigned  the  probable  error  of  a  single  experi- 
ment in  Mulder  and  Vlaanderen's  series : 

Berzelius 127.200,  ±  .041 — Oxidation. 

Mulder  and  Vlaanderen 127.517,  ±  .029 — 

Dumas 127.105,  ±  .024 — 

Vlaanderen 127.082,  d=  .012 — Reduction. 


General  mean 127.143,  zt.  .O098 

Dumas,  in  the  paper  previously  quoted,  also  gives  the 
results  of  some  experiments  with  stannic  chloride,  SnCl,. 
This  was  titrated  with  a  solution  containing  a  known  weight 
of  silver.  From  the  weighings  given,  100  parts  of  silver 
correspond  to  the  qucintities  of  SnCl^  named  in  the  third 
column : 

1.839  grm.  SnCl^  =  3.054  grm.  Ag.  60.216 

2.665  "  4.427         "  60.199 


Mean,  60.207,  ±.  .006 

All  these  data  properly  combined  give  us  the  following 
values  for  the  atomic  weight  of  tin  : 

From  SnO, Sn  -=  117.624,  d:  .050 

"      SnCl^ ••   =r  117.832,  rii  .067 


General  mean "  =  117.698,  dr  .040 

If  0  =  16,  this  becomes  Sn  =  117.968. 
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TITANIUM. 

The  earUest  determinations  of  the  atomic  weight  of  tita- 
nium are  due  to  Heinrich  Rose.*  In  his  first  investigation 
he  studied  the  conversion  of  titanium  sulphide  into  titanic 
acid,  and  obtained  erroneous  results ;  later,  in  1829,  he  pub- 
lished his  analyses  of  the  chloride.f  This  compound  was 
purified  by  repeated  rectifications  over  mercury  and  over 
potassium,  and  was  weighed  in  bulbs  of  thin  glass.  These 
were  broken  under  water  in  tightly  stoppered  flasks;  the 
titanic  acid  was  precipitated  by  ammonia,  and  the  chlorine 
was  estimated  as  silver  chloride.  The  following  results  were 
obtained.  In  a  fourth  column  I  give  the  TiO,  in  percent- 
ages referred  to  TiCl^  as  100;  and  in  a  fifth  column  the 
quantity  of  TiCl^  proportional  to  100  parts  of  AgCl: 


na^. 

TiO^. 

AgCl. 

Percent.  TiO^, 

AgCl  Ratio, 

.885  grm. 

.379  gnn. 

2.661  grm. 

42.825 

33.258 

2.6365  " 

1.120    " 

7.954    " 

42.481 

33.147 

I.7I57  " 

.732    " 

5- 172    " 

42.665 

33.J73 

30455  " 

1.322    " 

9.198    " 

43.423 

33.JOO 

2.4403  " 

1.056    " 

7.372    " 

43.273 

33. 102 

Mean,  42.933.  ±  .»2i      33.i56»  ±  019 


If  we  directly  compare  the  AgCl  with  the  TiOj  we  shall 
find  100  parts  of  the  former  proportional  to  the  following 
quantities  of  the  latter : 

14.243 
14.081 

14.153 
H.373 
14-324 

Mean,  14.235,  d=  .036 

From  all  these  figures  we  can  get  three  values  for  Ti,  thus : 


*  Gilbert's  Annalen,  1823,  67  and  129. 

-f  Poggend.  Annal.,  15,  145.     Ben.  Lehrbuch,  3,  1 2 10. 


208  THE   ATOMIC   WEIGHTS. 

From  per  cent.  TiO, Ti  =  50.493,  i  .410 

"     AgCl  :  TiCl^ "  =  48.232,  ±  .127 

«*     AgCl:TiO, "  =49.523,^.206 


General  mean "   =  48.710,  ±  .105 

These  results  will  be  discussed  further  along  in  connection 
with  others. 

Shortly  after  the  appearance  of  Rose's  paper,  Mosander  * 
published  some  figures  giving  the  percentages  of  oxygen  in 
titanium  dioxide,  from  which  a  value  for  the  atomic  weight 
of  titanium  was  deduced.  Although  no  details  are  furnished 
as  to  experimental  methods,  and  no  actual  weighings  are 
given,  I  cite  his  percentages  for  whatever  they  may  be  worth : 

40.814 
40.825 
40.610 
40.180 
40. 107 
40.050 
40.780 
40.660 

39.830 


Mean,  40.428 

These  figures  give  values  for  Ti  ranging  from  46.277  to 
48.231 ;  or,  in  mean,  Ti  ==  47.045.  They  are  not,  however, 
sufficiently  explicit  to  deserve  any  further  consideration. 
It  will  be  noticed  that  the  highest  value  nearly  coincides 
with  Rose's  lowest 

In  1847  Isidor  Pierre  made  public  a  series  of  important 
determinations.t  Titanium  chloride,  free  from  silicon  and 
from  iron,  was  prepared  by  the  action  of  chlorine  upon  a 
mixture  of  carbon  with  pure,  artificial,  titanic  acid.  This 
chloride  was  weighed  in  sealed  tubes,  these  were  broken 
under  water,  and  the  resulting  hydrochloric  acid  was 
titrated  with  a  standard  solution  of  silver  after  the  method 


*  Berz.  Jahresbericht,  lo,  io8.     1831. 
t  Ann.  de  Chim.  et  Phys.,  (3,)  20,  257. 
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of  Pelouze.    I  subjoin  Pierre's  weighings,  and  add,  in  a 
third  column,  the  ratio  of  TiCl4  to  100  parts  of  silver: 


TiCl^. 

Ag^ 

RaHo, 

.8215  grm. 

1.84523  gnn. 

44.520 

.7740  " 

1.73909  " 

44.506 

•7775  " 

1. 74613  " 

44.527 

.7160  " 

I.61219  " 

44.412 

.8085  " 

1.82344  " 

44.339 

.6325  " 

1.42230  " 

44.470 

.8155  " 

1.83705  " 

44.392 

.8i6s  " 

1.83899  " 

44.399 

.806s  " 

1.81965  " 

44.322 

Mean,  44.432*  ±.  .0173 

It  will  be  seen  that  the  first  three  of  these  results  agree 
well  with  each  other  and  are  much  higher  than  the  remain- 
ing six.  The  last  four  experiments  were  made  purposely 
with  tubes  which  had  been  previously  opened,  in  order  to 
determine  the  cause  of  the  discrepancy.  According  to 
Pierre,  the  opening  of  a  tube  of  titanium  chloride  admits  a 
trace  of  atmospheric  moisture.  This  causes  a  deposit  of 
titanic  acid  near  the  mouth  of  the  tube,  and  liberates  hydro- 
chloric acid. '  The  latter  gas  being  heavy,  a  part  of  it  falls 
back  into  the  tube,  so  that  the  remaining  chloride  is  richer 
in  chlorine  and  poorer  in  titanium  than  it  should  be. 
Hence,  upon  titration,  too  low  figures  for  the  atomic  weight 
of  titanium  are  obtained.  Pierre  accordingly  rejects  all  but 
the  first  three  of  the  above  estimations : 

From  all  of  Pierre's Ti  =  49.889,  ±  .096 

"      the  first  three "  =  50.259,  ±  .063 

The  memoir  of  Pierre  upon  the  atomic  weight  of  titanium 
was  soon  followed  by  a  paper  from  Demoly,*  who  obtained 
much  higher  results.  He.  also  started  out  from  titanic  chlo- 
ride, which  was  prepared  from  rutile.  The  latter  substance 
was  found  to  contain  1.8  per  cent,  of  silica ;  whence  Demoly 
inferred  that  the  TiCl^  investigated  by  Rose  and  by  Pierre 

*  Ann.  Chem.  Pharm.,  72,  214.     1849.     Berz.  Jahresb.,  30,  58. 
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might  have  been  contaminated  with  SiCl«,  an  impurity 
which  would  lower  the  value  deduced  for  the  atomic  weight 
under  consideration.  Accordingly,  in  order  to  eliminate  all 
such  possible  impurities,  this  process  was  resorted  to :  the 
chloride,  after  rectification  over  mercury  and  potassium,  was 
acted  upon  by  dry  ammonia,  whereupon  the  compound 
TiCl4.4NH3  was  deposited  as  a  white  powder.  This  was 
ignited  in  dry  ammonia  gas,  and  the  residue,  by  means  of 
chlorine,  was  reconverted  into  titanic  chloride,  which  was 
again  repeatedly  rectified  over  mercury,  potassium,  and 
potassium  amalgam.  The  product  boiled  steadily  at  135^. 
This  chloride,  after  weighing  in  a  glass  bulb,  was  decomposed 
by  water,  the  titanic  acid  was  precipitated  by  ammonia,  and 
the  chlorine  was  estimated  in  the  filtrate  as  silver  chloride. 
Three  analyses  were  performed,  yielding  the  following  re- 
sults.   I  give  the  actual  weighings  : 

1.470  grm.  TiCli  gave  4.241  grm.  AgCl  and  .565  grm.  TiO,. 
2.330   '  "  6.752  "  .801 

2.880  "  8.330  "  1.088 


The  ".801 "  in  the  last  column  is  certainly  a  misprint  for 
.901.  Assuming  this  correction,  the  results  may  be  given 
in  three  ratios,  thus  : 

Per  cmt.  TtO^/rom  TiCl^,       TiCl^  :  100  AgO.  TtO^  :  100  AgQ, 

38.435  34.662  13.322 

38.669  34.508  13.344 

37.778  34.574  i}.o6i 

Mean,  38.294,  rt  .180  34.581,  d:  .030  13.242,  ±  .061 

« 

These  three  ratios  give  three  widely  divergent  values  for 
the  atomic  weight  of  titaniun ; 

From  per  cent.  TiO, Ti  =  36.063,  ifc  .519 

AgCl  :  TiO,  - "  =  43-841.  =b  .350 

AgCl  :  TiCl^ "  =  56.386,  =b  .181 


tt 


General  mean "  =  52.191,  ifc  .153 

The  value  assumed  by  Demoly  is  56 ;  who  employs  but 
one  ratio  and  ignores  practically  the  others. 
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Upon  comparing  Demoly's  figures  with  those  obtained  by 
Rose,  certain  points  of  similarity  are  plainly  to  be  noted. 
Both  sets  of  results  were  reached  by  essentially  the  same 
method ;  and  in  both  the  discordance  between  the  percent- 
ages of  titanic  acid  and  of  silver  chloride  is  glaring.    This 
discordance  can  rationally  be  accounted  for  by  assuming 
that  the   titanic  chloride  was  in   neither  case  absolutely 
what  it  purported  to  be;  that,  in  brief,  it  must  have  con- 
tained impurities;  such  for  example  as  hydrochloric  acid, 
as  shown  in  the  experiments  of  Pierre,  or  possibly  traces  of 
oxychlorides.     Considerations  of  this  kind  also  throw  doubt 
upon  the  results  attained  by  Pierre,  for  he  neglected  the 
direct  estimation  of  the  titanic  acid  altogether,  thus  leaving 
us  without  means  for  correctly  judging  as  to  the  character 
of  his  material.    In  fact,  not  one  of  the  determinations  of 
the  atomic  weight  of  titanium  can  be  regarded  as  trust- 
worthy.   All  depend  upon  the  chloride,  and  the  volatile 
chlorides  of  metals  are  as  a  class  especially  liable  to  con- 
taminations of  a  kind  most  difficult  to  recognize.    Possibly 
a  series  of  good  determinations  might  be  based  upon  analy- 
ses of  some  of  the  titanofluorides.    I  subjoin  a  combination 
of  the  foregoing  mean  values,  feeling  that  such  a  general 
average  is  a  little  better  than  any  one  set  of  determinations 
taken  singly : 

From  Rose's  analyses..^ Ti  =  48.710,  it  .105 

"     Pierre's      "       __."=  49.889,  ±  .096 

•*     Demoly's  ,"      — "=52.191,1+1.153 

Genend  mean "  =  49.846,  ±  .064 

Or,  if  O  =  16,  Ti  =  49.961. 

This  mean  agrees  with  the  average  of  all  of  Pierre's  ex- 
periments. 
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ZIRCONIUM. 

The  atomic  weight  of  zirconium  has  been  determined  by 
Berzelius,  by  Hermann,  and  by  Marignac.  Berzelius  *  ig- 
nited the  neutral  sulphate,  and  thus  ascertained  the  ratio  in 
it  between  the  ZrO,  and  the  SO 3.  Putting  SO,  at  100,  he 
gives  the  following  proportional  quantities  of  ZrO, : 

75.84 

75-92 
75.80 

75.74 
75-97 
75-85 


Mean,  75.853,  dz  .023 

Hence  Zr  =  89.255,  ±  .039 ;  or,  if  0  =  16,  then  Zr  = 
89.461. 

Hermann's  f  estimate  of  the  atomic  weight  of  zirconium 
was  based  upon  analyses  of  the  chloride,  concerning  which 
he  gives  no  details  or  weighings.  From  sublimed  zirconium 
chloride  he  finds  Zr  =  831.8,  when  0  =  100 ;  and  from  two 
lots  of  the  basic  chloride  2ZrOCl,.9H,0,  Zr  =  835.65  and 
851.40  respectively.  The  mean  of  all  three  is  839.62 ; 
whence,  with  modern  formulse  and  O  =  15.9633,  Zr  becomes 
=  89.354. 

Marignac's  results  J  were  obtained  by  analyzing  the  double 
fluoride  of  zirconium  and  potassium.  His  weights  are  as 
follows : 

i.ooo  gnn.  gave  .431  grm.  ZrO,  and  .613  grm.  K^SO^. 
2.000    "    .864      "     1.232 
.654    "    .282      "      .399    " 
^        5.000    "    2.169      "     3-078    ** 

These  figures  give  us  three  ratios.    A,  the  ZrO ,  from  100 

*  Poggend.  Annal.,  4,  126.     1825. 

t  Joum.  fUr  Prakt.  Chem.,  31,  77.     Bcrz.  Jahresb.,  25,  147. 

J  Ann.  Chim.  Phys.,  (3,)  60,  270.     i860. 
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parts  of  salt;  B,  the  KjSO^  from  100  parts  of  salt;  and  C, 
tbe  ZrO,  proportional  to  100  parts  of  KjSO^ : 

A.  B.  C 

43.100  61.300  70.310 

43.200  61.600  70.130 

43.119  61.000  70.677 

43.3S0  •  61.560  70.468 

Mean,  43-200,  dr  .043         61.365,  db  .094         70-396,  db  .079 

From  A Zr  =  89.775,  db  .216 

B «  =^  91-408,  ±  .437 

C "  =  90.476,  =fc  .138 


tt 


General  mean "  =  90.328,  =fc  .113 

Or,  if  O  =  16,  Zr  =  90.536. 

Combining  with  Berzelius'  work  we  get  this  result : 

Berzelius Zr  =  89.255,  db  .039 

Marignac *•  =  90.328,  dr  .113 

General  mean "  =  89.367,  ±  .037 

Or,  if  O  =  16,  Zr  =  89.573. 

These  figures  need  little  criticism.  They  show  conclu- 
sively that  the  atomic  weight  of  zirconium  ought  to  be 
ledetermined.  Probably  the  method  employed  by  Berze- 
lius ^w^as  the  best  with  respect  to  manipulation,  while  on 
the  other  hand  it  is  likely  that  Marignac  worked  with 
purer  material.  Hermann's  experiments  could  hardly  have 
yielded  certain  results,  since  the  zirconium  chloride  might 
80  easily  become  contaminated  with  traces  of  moisture  and 
thence  of  oxygen. 
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THORIUM. 

The  atomic  weight  of  thorium  has  been  determined  from 
analyses  of  the  sulphate,  oxalate,  formate,  and  acetate,  with 
widely  varying  results.  The  earliest  figures  are  due  to  Ber- 
zelius,*  who  worked  with  the  sulphate,  and  with  the  double 
sulphate  of  potassium  and  thorium.  The  thoria  was  pre- 
cipitated by  ammonia,  and  the  sulphuric  acid  was  estimated 
as  BaSO^.  The  sulphate  gave  the  following  ratios  in  two 
experiments.  The  third  column  represents  the  weight  of 
ThOj  proportional  to  100  parts  of  BaSO^ : 

.6754  grm.  ThO,  =  1.159  grm.  BaSO^.  Ratio,  58.274 

1. 05 1 5  "  1.832  "  "       57.396 

The  double  potassium  sulphate  gave  .265  grm.  ThO,,  .156 
grm.  SO 3,  and  .3435  K^SO^.  The  SO,,  with  the  Berzelian 
atomic  weights,  represents  .4537  grm.  BaSO^.  Hence  100 
BaSO^  is  equivalent  to  58.408  ThO,.  This  figure,  combined 
with  the  two  previous  values  for  the  same  ratio,  give  a  mean 
of  58.026,  ±  .214.    Hence  ThO,  =  269.940,  ib  .997. 

From  the  ratio  between  the  KjSO^  and  the  ThO,  in  the 
double  sulphate,  ThO,  =  268.284. 

In  1861  new  determinations  were  published  by  Chyde- 
nius,t  whose  memoir  is  accessible  to  me  only  in  an  abstract t 
which  gives  results  without  details.  Thoria  is  regarded  as 
a  monoxide,  ThO,  and  the  old  equivalents  (O  =  8)  are  used. 
The  following  values  are  assigned  for  the  molecular  weight 
of  ThO,  as  found  from  analyses  of  several  salts : 

From  Sulphate,       From  AT.  Tk.  Sulphate, 

66.33  67.0a 

67.13 
67.75 

68.03 

Mean,  67.252,  d:  .201 

*  Poggend.  Annal.,  16,  398.     1829.     Lehrbuch,  3,  1224. 
f  Kemisk  unders5kning  af  Thorjord  och  Thorsalter.     Helsingfors,  1861.    An 
academic  dissertation. 

1  Poggend.  Annal. / 1 19,  55-     1 863. 
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Firwt  Acetate,               From  Formate.  From  Oxalate, 

67.31                              68.06  65.87 '^  Two  results 

66.59                              67.89  65.95  ^    by  Berlin. 

67.27                              68.94  65.75 

67.06                              65.13 

68.40                  Mean,  68.297,  d=  .219  66.54 

65.85 

Mean,  67.326,  ±  .201  ^— ^ 

Mean,  65.85,  db  .123 

We  may  fairly  assume  that  these  figures  were  calculated 
with  O  =  8,  C  =  6,  and  S  =  16.  Correcting  by  the  values 
for  these  elements  which  have  been  found  in  previous  chap- 
ters, ThO,  becomes  as  follows: 

From  sulphate ThO,  =  268.584,  dr  .803 

«*      acetate "     =268.735,^.805 

formate "     =272.586,  ±  .877 

oxalate "     =  262.804,  ±  -493 


« 


The  single  result  from  the  double  potassium  sulphate  is 
included  with  the  column  from  the  ordinary  sulphate,  and 
the  influence  of  the  atomic  weight  of  potassium  is  ignored. 

Chydenius  was  soon  followed  by  Marc  Delafontaine,  whose 
researches  appeared  in  1863.*  This  chemist  especially  stud- 
ied thorium  sulphate ;  partly  in  its  most  hydrous  form,  partly 
as  thrown  down  by  boiling.  In  Th(SO  4 ) ,  .9H ,  0,  the  follow- 
ing percentages  of  ThO,  were  found  : 

4508 
44.90 
45.06 

45.21 
45.06 

Mean,  45.062,  ±  .0332 

Hence  ThO,  =  263.637,  di  .256. 

The  lower  hydrate,  2Th(S04)2.9H20,  was  more  thoroughly 
investigated.  The  thoria  was  estimated  in  two  ways ;  first, 
(A,)  by  precipitation  as  oxalate  and  subsequent  ignition ; 
second,  (B,)  by  direct  calcination.  These  percentages  of 
ThO,  were  found : 

*  Arch,  des  Sci.  Phys.  et  Nat,  (2,)  18,  343. 
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A. 


B. 


52.83 
52.52 
52.72 
52.13 
52.47 
52.49 
52.53 
52.13 
52.13 

52.43 
52.60 

52.40 

52.96 
52.82 

Mean,  52.511,  ±  .047 

Hence  ThO,  =  266.025,  ±  .363. 

In  three  experiments  with  this  lower  hydrate  the  sul- 
phuric acid  was  also  estimated,  being  thrown  down  as 
barium  sulphate  after  removal  of  the  thoria : 

(1.1656  gnn.  BaSOi.) 
(1.0665  "         ) 

(  .6720  "         ) 

The  figures  in  parenthesis  are  reproduced  by  myself  from 
Delafontaine's  results,  he  haying  calculated  his  analyses  with 
O  =  100,  S  =  200,  and  Ba  =  857.  These  data  may  be  re- 
duced to  a  common  standard,  so  as  to  represent  the  quantity 
of  2Th(SOJ,.9H20  equivalent  to  100  parts  of  BaSO|.  We 
then  have  the  following  results : 

106.597 
106.704 
109.226 

Mean,  107.509,  d=  .585 

Hence  ThO,  =  259.555,  =t  2.725. 

Delafontaine  seems  himself  to  have  calculated  from  the 
ratio  between  the  percentages  of  SO,  and  ThOj  ;  whence, 
with  our  revised  values  for  S,  Ba,  and  0,  ThO,  =  262.643. 

Delafontaine's  work  was  soon  confirmed  by  Hermann,* 

*  Joum.  fllr  Prakt.  Chem.,  93,  114. 


1.2425  gnn.  gave  .400  SO,. 
1. 138  "         .366 

.734  "         .2306 


II 
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who  published  a  single  analysis  of  the  lower  hydrated  sul- 

phate,  as  follows : 

ThO, —  52.87 

so, 32.11 

H,0 15.02 

100.00 

Hence,  fix)m  the  ratio  between  SO  a  and  ThO,,  ThO,  == 
263.030.  Probably  the  SO,  percentage  was  loss  upon  calci- 
nation. 

The  latest,  and  probably  also  the  best  determinations,  are 
those  of  Cleve,*  whose  results,  obtained  from  both  the  sul- 
phate and  the  oxalate  of  thorium,  agree  admirably.  The 
anhydrous  sulphate,  calcined,  gave  the  subjoined  percent- 
ages of  thoria : 

62.442 

62.477 
62.430 

62.470 

62.357 
62.366 

Mean,  62.423,  d:  .014 

Hence  ThO,  =  265.380,  ±:  .123. 

* 
The  oxalate  was  subjected  to  a  combustion  analysis, 

whereby  both  thoria  and  carbonic  acid  could  be  estimated. 
From  the  direct  percentages  of  these  constituents  no  accu- 
rate value  can  be  deduced,  there  having  undoubtedly  been 
moisture  in  the  material  studied.  From  the  ratio  between 
CO,  and  ThO,,  however,  good  results  are  attainable.  This 
ratio  I  put  in  a  fourth  column,  making  the  thoria  propor- 
tional to  100  parts  of  carbon  dioxide : 

Oxalate.  ThO^,  CO^,  Ratio. 

1. 7135  gnn.  1. 0189  grm.  '6736  grm.  151.262 

1.3800    "  .8210    "  .5433    "  15 1. 1 14 

1. 1850    "  .7030    "  .4650    "  151. 183 

1.0755     "  .6398    "  .4240    "  150.896 

Mean,  151. 114,  dr  .053 

Hence  ThO,  =  265.357,  ±  .104. 

*  K.  Svenska  Vet.  Akad.  Handlinger.     Bd.  2,  No.  6.     1874. 
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There  are  now  before  us  twelve  estimates  for  the  molecular 
weight  of  thoria.  Two  of  these  represent  single  experi- 
ments, and  have  no  probable  error  attached  to  them ;  namely, 
the  one  due  to  Hermann,  and  the  one  deduced  from  Berze- 
lius'  KjSO^  :  ThO,  ratio.  A  third  value,  from  Delafon- 
taine's  sulphuric  acid  estimations,  has  so  high  a  probable 
error  that  it  could  be  rejected  without  influencing  the  gene- 
ral mean.  These  three  values  might  all  be  excluded  with- 
out serious  objection ;  but  it  is  perhaps  better  to  arbitrarily 
assign  them  equal  weight,  average  them  together,  and  give 
their  mean  the  same  probable  error  as  that  which  attaches 
to  Berzeliiis'  BaSO^ :  ThO,  series.  This  mean  is  indicated 
as  "A"  in  the  following  combination : 

Value  «A" ThO,  =  263.623,  d=  -997 

Benelius "  =  269.940,  db  .997 

Chydenius— Sulphate "  =  268.584,  d:  .803 

Acetate «  =  268.735,  db  .805 

Fonnate "  =  272.586,  =fc  .877 

Oxalate "  =262.804,1^.493 

Delafontaine — Higher  hydrate "  =  263.637,  d=  .256 

"             Lower       "      "  =266.025,^.363 

Qeve — Sulphate «*  =  265.380,  dt  .123 

Oxalate «  =  265.357,  db  .104 

General  mean "     =265.341,^1.072 

Hence  Th  =  233.414,  ±  .0725 ;  or,  if  O  =  16,  Th  = 
233.951. 

These  values  vary  from  those  derived  from  Clove's  experi- 
ments alone  only  in  the  second  decimal. 


It 

(« 
it 


GALLIUM. 


Gallium  has  been  so  recently  discovered,  and  obtained  in 
such  small  quantities,  that  its  atomic  weight  has  not  as  yet 
been  determined  with  much  precision.  The  following  data 
were  fixed  by  the  discoverer,  Lecoq  de  Boisbaudran:* 

*  Joum.  Chem.  Soc,  1878,  p.  646. 
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3.1044  grammes  gallium  ammonium  alum,  upon  ignition, 
left  .5885  grm.  Ga,Os. 
Hence  Ga  =  68.071.     If  0  =  16,  Ga  =  68.233. 

.4481  grammes  gallium,  converted  into  nitrate  and  ig- 
nited, gave  .6024  grm.  GajOg. 
'  Hence  Ga  =  69.538.     If  0  =  16,  Ga  =  69.693. 

These  values,  assigned  equal  weight,  give  these  means : 
If  0  =  15.9633,  Ga  =  68.854.     If  0  =  16,  Ga  =  68.963. 

In  brief,  for  all  practical  purposes,  69  may  be  assumed  as 
the  atomic  weight  of  gallium. 


INDIUM. 


Reich  and  Richter,  the  discoverers  of  indium,  were  also 
the  jBrst  to  determine  its  atomic  weight.*  They  dissolved 
weighed  quantities  of  the  metal  in  nitric  acid,  precipitated 
the  solution  with  ammonia,  ignited  the  precipitate,  and 
ascertained  its  weight.  Two  experiments  were  made,  as 
follows : 

.513s  gnn.  indium  gave  .6243  grm.  In,0,. 
.699        "       .8515    " 

Hence,  in  mean,  In  =  110.61,  if  0  =  16;  a  value  known 
now  to  be  too  low. 

An  unweighed  quantity  of  fresh,  moist  indium  sulphide 
was  also  dissolved  in  nitric  acid,  yielding,  on  precipitation, 

.2105  grai.  In^O,  and  .542 'grm.  BaSO^. 

Hence,  with  BaSO*  =  233,  In  =  111.544;  also  too  low. 

Soon  after  the  publication  of  Reich  and  Richter^s  paper 
the  subject  was  taken  up  by  Winkler.f  He  dissolved  in- 
dium in  nitric  acid,  evaporated  to  dryness,  ignited  the  resi- 
due, and  weighed  the  oxide  thus  obtained. 

*  Joum.  fUr  Prakt.  Chem.,  92,  484. 
f  Joum.  fUr  Prakt.  Chem.,  94,  8. 
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•5574  gi™.  In  gave  .6817  gnn.  In,0,. 
.6661     **  .8144 

.5011     "     .6126 

Hence,  in  mean,  if  0  =  16,  In  =  107.76 ;  a  result  even 
lower  than  the  values  already  cited. 

In  a  later  paper  by  Winkler*  better  results  were  obtained. 
Two  methods  were  employed.  First,  metallic  indium  was 
placed  in  a  solution  of  pure,  neutral,  sodio-auric  chloride, 
and  the  amount  of  gold  precipitated  was  weighed.  I  give 
the  weighings  and,  in  a  third  column,  the  amount  of  in- 
dium proportional  to  100  parts  of  gold : 

/ff.  Au.  Ratio* 

.4471  gnn.  .8205  gnn.  57-782 

.8445    "  1.4596    "  57.858 

Mean,  57.820,  db  .026 

Hence,  if  Au  =  196.155,  ±  .095,  In  =  113.417,  ±  .074 

Winkler  also  repeated  his  earlier  process,  converting  in- 
dium into  oxide  by  solution  in  nitric  acid  and  ignition  of 
the  residue.  An  additional  experiment,  the  third  as  given 
below,  was  made  after  the  method  of  Reich  and  Richter. 
The  third  column  gives  the  percentage  of  In  in  In, 0, : 

1. 124  grm.  In  gave  1.3616  gnn.  In,0,.       Percent.,  82.550 

1.015     "     1. 2291     "  "    82.581 

.6376    "      .7725    "  «    82.537 

These  figures  were  confirmed  by  a  single  experiment  of 
Bunsen's,t  published  simultaneously  with  the  specific  heat 
determinations  which  showed  that  the  oxide  of  indium  was 
lujO,,  and  not  InO  as  had  been  previously  supposed  : 

1.0592  gnn.  In  gave  1.2825  grai.  In,0,.         Per  cent.  In,  82.589 

For  convenience  we  may  add  this  figure  in  with  Winkler's 
series,  which  gives  us  a  mean  percentage  of  In  in  In^Oj  of 
82.564,  db  .0082.  Hence,  if  0  =  15.9633,  dz  .0035,  In  = 
113.385,  It  .060. 

*  Joum.  nir  Prakt.  Chem.,  102,  282. 
t  Poggend.  Annal.,  141,  28. 
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Combining  results,  we  have  the  following  general  mean : 

From  gold  series In  =  1 13.417,  db  .074 

"      oxide  "     "  =  113.385,  d=  .060 


General  mean "  r=  113.398,  i  .047 

Or,  if  O  =  16,  In  =  113.659. 


CERIUM. 

Although  cerium  was  discovered  almost  at  the  beginning 
of  the  present  century,  its  atomic  weight  was  not  properly 
determined  until  after  the  discovery  of  lanthanum  and 
didymium  by  Mosander.  In  1842  the  investigation  was 
undertaken  by  Beringer,*  who  employed  several  methods. 
His  cerium  salts,  however,  were  all  rose-colored,  and  there- 
fore were  not  wholly  free  from  didymium ;  and  his  results 
are  further  affected  by  a  negligence  on  his  part  to  fully 
describe  his  analytical  processes. 

First,  a  neutral  solution  of  cerium  chloride  was  prepared 
by  dissolving  the  carbonate  in  hydrochloric  acid.  This 
gave  weights  of  ceroso-ceric  oxide  and  silver  chloride  as 
follows.  The  third  column  shows  the  amount  of  CeO,  pro- 
portional to  100  parts  of  AgCl : 

CeO^  AgCL  Ratio. 


.5755  gnn. 

1.419  gnn. 

40.557 

.6715  " 

1.6595  " 

40.464 

1. 1300  " 

2.786  «* 

40.560 

.5366  " 

1.3316  " 

40.297 

Mean,  40.469,  ■±.  .0415 

The  analysis  of  the  dry  cerium  sulphate  gave  results  as 
follows.  In  a  fourth  column  I  show  the  amount  of  GeO, 
proportional  to  100  parts  of  BaSOi  • 

*  Ann.  Chem.  Pharm.,  42,  134. 
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Sulphate. 

'•379  6""' 
1.276    »* 

1.246 
1.553 


i( 


(i 


.8495  gnn. 

.7875 
.7690 

.9595 


i< 


« 


« 


BaSO^, 

1. 711   grm. 
1.580     " 

1-543 
1. 921 


ii 


ii 


Ratio, 

49.649 
49.836 

49.838 
49.948 

Mean,  49.819,  4=  .042 


Beringer  also  gives  a  single  analysis  of  the  formate  and 
the  results  of  one  conversion  of  the  sulphide  into  oxide. 
The  figures  are,  however,  not  valuable  enough  to  cite. 

The  foregoing  data  involve  one  variation  from  Beringer's 
paper.  Where  T  put  CeO,  as  found  he  puts  CejOj.  The 
latter  is  plainly  inadmissible,  although  the  atomic  weights 
calculated  from  it  agree  curiously  well  with  some  other 
determinations.  For  instance,  in  the  chloride  series,  the 
assumption  of  CejOg  as  the  formula  of  the  oxide  obtained, 
gives  Ce  =  137.749,  while  CeO,  makes  Ce  =  141.636.  The 
former  agrees  with  the  results  of  Wolf,  Wing,  and  others 
quite  fairly ;  the  latter  is  near  the  value  obtained  by  Biihrig. 
Obviously,  the  presence  of  didymium  in  the  salts  analyzed 
should  tend  to  raise  rather  than  to  lower  the  apparent  atomic 
weight  of  cerium. 

Shortly  after  Beringer,  Hermann  *  published  the  results 
of  one  experiment.  23.532  grm.  of  anhydrous  cerium  sul- 
phate gave  29.160  grm.  of  BaS04.  Hence  100  parts  of  the 
sulphate  correspond  to  123.926  of  BaS04. 

In  1848  similar  figures  were  published  by  Marignac,t 
who  found  the  following  amounts  of  BaS04  proportional  to 
100  of  dry  cerium  sulphate : 

122.68 
122.00 

122.51 


Mean,  122.40,  ±:  .138 

If  we  give  Hermann's  single  result  the  weight  of  one  ex- 
periment in  this  series,  and  combine,  we  get  a  mean  value 
of  123.019,  ±:  .113. 


*  Journ.  fiir  Prakt.  Chcm.,  30,  185.     1843. 

f  Arch,  des  Sciences  Phys.  et  Nat.,  (i,)  8,  273.     1848. 
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Still  another  method  was  employed  by  Marignac.  A  defi- 
nite mixture  was  made  of  solutions  of  cerium  sulphate  and 
barium  chloride.  To  this  were  added,  volumetrically,  solu- 
tions of  each  salt  successively,  until  equilibrium  was  at- 
tained. The  figures  published  give  maxima  and  minima 
for  the  BaClj  proportional  to  each  lot  of  062(804)3.  In 
another  column,  using  the  mean  value  for  BaCl,  in  each 
case,  I  put  the  ratio  between  100  parts  of  this  salt  and  the 
equivalent  quantity  of  sulphate.  The  latter  compound  was 
several  times  recrystallized : 


0, 

tiSO,),. 

BaCl^. 

Ratio, 

First  crystallization.-  ii.oii 

grm. 

11.990 —  12.050  grm. 

91.606 

«* 

<« 

-  13.194 

u 

U.36S  —  H.42S 

M 

91.657 

Second 

•• 

-  13.961 

tt 

15.225  —  15.285 

« 

91.518 

t« 

<• 

—  12.627 

*< 

13.761  —  13.821 

«< 

91.559 

« 

•• 

..  11.915 

i< 

12.970—  13.030 

« 

91.654 

Third 

*< 

..  14.888 

tt 

16.223  —  16.283 

tt 

91.602 

ti 

*• 

-.  14.113 

it 

15-383— 15.423 

i* 

91.755 

Fourth 

«< 

-.  13.111 

tt 

14.270  —  14.330 

tt 

91.685 

11 

•< 

-  13.970 

tt 

15.223  —  15.283 

tt 

91.588 

Mean,  91.625,  d=  .016 

Omitting  the  valueless  experiments  of  Kjerulf,*  we  come 
next  to  the  figures  published  by  Bunsen  and  Jegel  f  "in  1858. 
From  the  air  dried  sulphate  of  cerium  the  metal  was  pre- 
cipitated as  oxalate,  which,  ignited,  gave  CeO,.  In  the 
filtrate  from  the  oxalate  the  sulphuric  acid  was  estimated  as 
BaSO,: 

1.5726  grm.  sulphate  gave  .7899  grm.  CeO,  and  1. 6 185  grm.  BaS04. 
1.6967  "  •    .8504  "  1.7500  « 

Hence,  for  100  parts  BaSO^,  the  CeOj  is  as  follows: 

48.804 
48.575 

Mean,  48.689,  db  .077 

One  experiment  was  also  made  upon  the  oxalate : 

.3530  grm.  oxalate  gave  .1913  CeO,  and  .0506  H,0. 

Hence,  in  the  dry  salt,  we  have  63.261  per  cent,  of  CeOa- 


*  Ann.  Chem.  Pharm.,  87, 12. 
f  Ann.  Chem.  Pharm.,  105,45. 


224  THE   ATOMIC   WEIGHTS. 

In  each  sample  of  CeO ,  the  excess  of  oxygen  over  true 
Ce^O,  was  estimated  by  an  iodometric  titration;  but  the 
data  thus  obtained  need  not  be  further  considered. 

In  two  papers  by  Rammelsberg  *  data  are  given  for  the 
atomic  weight  of  cerium,  as  follows.  In  the  earlier  paper 
cerium  sulphate  is  analyzed,  the  cerium  being  thrown  down 
by  caustic  potash,  and  the  acid  precipitated  from  the  filtrate 
as  barium  sulphate : 

.413  gnn.  Ce,(S04)s  gave  .244  gnn.  CeO,  and  .513  gnn  BaSOf. 

Hence  100  BaSO^  =  47.563  CeO,,  a  value  which  may  be 
combined  with  others,  thus;  this  figure  being  assigned  a 
weight  equal  to  one  experiment  in  Bunsen's  series : 

Beringer  -__ 49.819,  d:  .042 

Bunsen  and  Jegel 48.689,  db  .077 

Rammelsberg 47'5^3t  db  .108 

General  mean . .^  49*360,  d=  .035 

It  should  be  noted  here  that  this  mean  is  somewhat  arbi- 
trary, since  Bunsen  and  Rammelsberg's  cerium  salts  were 
undoubtedly  freer  from  didymium  than  the  material  studied 
by  Beringer. 

In  his  later  paper  Rammelsberg  gives  these  figures  con- 
cerning cerium  oxalate.  100  parts  gave  10.43  of  carbon 
and  21.73  of  water.  Hence  the  dry  salt  should  yield  48.862 
per  cent,  of  CO,,  whence  Ce  =  137.83. 

In  all  of  the  foregoing  experiments  the  ceroso-ceric  oxide 
was  somewhat  colored,  the  tint  ranging  from  one  shade  to 
another  of  light  brown  according  to  the  amount  of  didym- 
ium present.  Still,  at  the  best,  a  faint  color  remained,  which 
was  supposed  to  be  characteristic  of  the  oxide  itself  In 
1868,  however,  some  experiments  of  Dr.  C.  Wolff  were  post- 
humously made  public,  which  went  to  show  that  pure  ceroso- 
ceric  oxide  is  white,  and  that  all  samples  previously  studied 
were  contaminated  with  some  other  earth,  not  necessarily 
didymium  but  possibly  a  new  substance,  the  removal  of 

*  Poggend.  Annal.,  55,  65 ;  108,  44. 

f  Amer.  Journ.  Science  and  Arts,  (2,)  46,  53. 
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which  tended  to  lower  the  apparent  atomic  weight  of 
cerium  very  perceptibly. 

Cerium  sulphate  was  recrystallized  at  least  ten  tim^s. 
Even  after  twenty  recrystallizations  it  still  showed  spectro- 
scopic traces  of  didymium.  The  water  contained  in  each 
sample  of  the  salt  was  cautiously  estimated,  and  the  cerium 
was  thrown  down  by  boiling  concentrated  solutions  of  ox- 
alic acid.  The  resulting  oxalate  was  ignited  with  great 
care.  I  deduce  from  the  weighings  the  percentage  of  CeOj 
given  by  the  anhydrous  sulphate : 

Sulphate.  Water.  CeO^.        Percent.  CeO^. 

1.4542  gnn.  .19419  grm-  76305  P™-  60.559 

1.4104    "  .1898      "  .7377       "  60.437 

1.35027  "  .1820      «*  .70665     «*  60.487 


•    / 


Mean,  60.494,  d=  .024 

After  the  foregoing  experiments  the  sulphate  was  further 
purified  by  solution  in  nitric  acid  and  pouring  into  a  large 
quantity  of  boiling  water.  The  precipitate  was  converted 
into  sulphate  and  analyzed  as  before : 


Sulphate. 

1.4327  grai. 
1.5056     " 
1.44045  " 

Water. 

•2733  gnn- 
.2775    " 
.2710    " 

CiO^.         Per  cent.  CeO^. 

.69925   grm.         60.311 
.7405        "            60.296 
.7052       "            60.300 

Mean,  60.302,  d=  .004 

Prom  another  purification  the  following  weights  were  ob- 
tained: 

1.4684  grm.        .1880  grm.        .7717  gnn.        60.270  percent 

A  last  purification  gave  a  still  lower  percentage : 

1.3756  grm.        .1832  grm.        .7186  grm.        60.265  percent. 

The  last  oxide  was  perfectly  white,  and  was  spectroscopi- 
cally  free  from  didjnoaium.  In  each  case  the  CeO ,  was  ti- 
trated iodometrically  for  its  excess  of  oxygen.  It  will  be 
noticed  that  in  the  successive  series  of  determinations  the 
percentage  of  CeO,  steadily  and  strikingly  diminishes,  to 
an  extent  for  which  no  ordinary  impurity  of  didymium  can 
15 
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account.  The  death  of  Dr.  Wolf  interrupted  the  investiga- 
tion, the  results  of  which  were  edited  and  published  by  Pro- 
fessor F.  A.  Genth. 

The  experiments  of  Wolf  seem  to  have  hitherto  escaped 
general  notice,  except  from  Wing,  who  has  partially  verified 
them.*  This  chemist,  incidentally  to  other  researches,  puri- 
fied some  eerium  sulphate  after  the  method  of  Wolf,  and 
made  two  similar  analyses  of  it,  as  follows : 

Sulphate,  Water,  CeO^.         Per  cent,  CeO^, 

1.2885  &""-         '1707  grm.  '6732  gnn.         60.225 

1.4090    "  -1^57     "  -7372    "  60.263 

Mean,  60.244,  =b  >oi2 

The  ceroso-ceric  oxide  in  this  case  was  perfectly  white. 
The  cerium  oxalate  which  yielded  it  was  precipitated  boil- 
ing by  a  boiling  concentrated  solution  of  oxalic  acid.  The 
precipitate  stood  twenty-four  hours  before  filtering. 

We  may  now  combine  the  results  of  Wolf  and  of  Wing, 
as  follows.  The  two  concordant  experiments  of  Wolf's 
series  three  and  four  may  be  united,  giving  a  mean  of 
60.267,  lb  .001 : 

Wolf,  1st  series 60.494,  ±  .024 

2d      "     60.302,  d= '004 

3d  and  4th  series 60.267,  ±  -^^^ 

Wing 60.244,  d=  'Oi* 

General  mean 6o.27F,  dr  .001 

This  mean,  the  percentage  of  CeO,  in  the  anhydrous  sul- 
phate, gives  Ce  =  137.724 ;  or,  if  0  =  16,  Ce  =  138.039. 
This  varies  widely  from  the  ordinarily  accepted  value  as 
determined  by  Buehrig. 

In  1875  Buehrig'sf  paper  ppon  the  atomic  weight  of 
cerium  was  issued.  He  first  studied  the  sulphate,  which, 
after  eight  crystallizations,  still  retained  traces  of  free  sul- 
phuric acid.  He  found  furthermore  that  the  salt  obstinately 
retained  traces  of  water,  which  could  not  be  wholly  expelled 
by  heat  without  partial  decSmposition  of  the   material. 

*  Amer.  Journ.  Sci.  and  Arts,  (2,)  49,  358.     1 870. 
f  Joum.  fUr  Prakt.  Chem.,  120,  222. 
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These  sources  of  error  probably  afifect  all  the  previously 
cited  series  of  experiments ;  although,  in  the  case  of  Wolf's 
work,  it  is  doubtful  whether  they  could  have  influenced  the 
atomic  weight  of  cerium  by  more  than  one  or  two  tenths  of 
a  unit.  Buehrig  also  found,  as  Marignac  had  earlier  shown, 
that  upon  precipitation  of  cerium  sulphate  with  barium 
chloride  the  barium  sulphate  invariably  carried  down  traces 
of  cerium.  Furthermore,  the  ceroso-ceric  oxide  from  the 
filtrate  always  contained  barium.  For  these  reasons  the 
sulphate  was  abandoned,  and  the  atomic  weight  determina- 
tions of  Buehrig  were  made  with  air-dried  oxalate.  This 
salt  was  placed  in  a  series  of  platinum  boats  in  a  combus- 
tion tube  behind  copper  oxide.  It  was  then  burned  in  a 
stream  of  pure,  dry  oxygen,  and  the  carbonic  acid  and 
water  were  collected  after  the  usual  method.  Ten  experi- 
ments were  made ;  in  all  of  them  the  above  named  products 
were  estimated,  and  in  five  analyses  the  resulting  ceroso- 
ceric  oxide  was  also  weighed.  By  deducting  the  water 
found  from  the  weight  of  the  air-dried  oxalate,  the  weight 
of  the  anhydrous  oxalate  is  obtained,  and  the  percentages 
of  its  constituents  are  easily  determined.  In  weighing,  the 
articles  weighed  were  always  counterpoised  with  similar 
materials.    The  following  weights  were  found : 

Oxalate.  Water.  CO^.  CeOy 

9.8541  grm.         2.1987  grm.         3-6942  grm.         

9.5368    "  2.1269    "  35752 


(I 


9.2956  "  2.0735  "  3-4845 

10.0495  "  2.2364  "  3.7704  "  

10.8249  "  2.4145  "  4.0586  "  

9.3679  "  2.0907  ••  3.5U8  "  4.6150  grm. 

9.7646  **  2.1769  "  3.6616  "  4.8133 

9.9026  "  2.2073  "  3-7^39  "  4.8824 


« 


9.9376    *«  2.2170    **  3-7251  "  4.8971 

9-5324    •'  2.1267    "  3-5735  "  46974    " 

These  figures  give  us  the  following  percentages  for  CO, 
«and  CeO,  in  the  anhydrous  oxalate: 

COy  CeO^, 

48.256  

48.249  

,     48.248  
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CeO^.  CO^. 

48.257  •    

48.257  

48.258  63.417 
48.257  63.436 
48.262  63.446 
48.249  63.429 
48.253  63.430 


Mean,  48.2546,  rb  .001  63.4316,  db  .0032 

From  percentage  CO, Ce  =  141.228,  -±1  .025 

**  CeO, "  =  141. 141,  dr  .020 

Obviously  the  single  oxalate  experiments  of  Jegel  and  of 
Rammelsberg  would  exert  no  appreciable  influence  upon 
these  mean  results.    They  may  therefore  be  ignored. 

In  combining  all  of  these  data  in  one  general  mean,  we 
may  begin  as  usual  by  tabulating  our  ratios : 


{I. 
(2. 

(3. 
(4. 
(5. 

(6. 
(7. 


BaSO^  :  Ce,(S04),  : :  100  :  123.019,  d=  .113 
BaS04  :  CeO,  : :  100  :  49.360,  d:  .035 
BaCl,  :  Ce,(S04),  :  :  lOO  :  91.625,  d=  .016  f 

AgCl  :  CeO,  : :  100  :  40.469,  ±.  .0415 
Percentage  CeO,  from  anhydrous  sulphate,  60.271,  -±2.  .001 

oxalate,  63.4316,  ±:  .0032 
CO,  "  "       48.2546.  =fc  .001 


These  ratios  give  us  four  values  for  the  molecular  weight 
of  CeO,  and  two  values  for  Ce,(S04)j: 

From  (2) CcO,  =  172.218,  ^  .124 

(4) ~    "     =  173.663,  =fc  .179 

(5) "     =  169.651,  ±  .034 

(6) —    "     =  173068.  db  .033 


u 

tt 


General  mean "     =  171.490,  db  .023 

» 

FK)m  (I) Ce,(S04),  =  567.234,  :fc  -5" 

"    (3) "     =  570.375.  ±  -i^s 

General  mean.        "        =  570.093.  d=  .156 

■ 

Hence  we  have  three  independent  values  for  the  atomic 
weight  of  cerium,  as  follows : 
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From  molecular  weight  of  CeO, Ce  =  139.563,  ±:  .024 

"  Ce,(S04), "   =  141. 281,  d:  .083 

From  ratio  (7,)  CO,  in  oxalate "   =  141.228,  db  .025 


General  mean ••   =  140.424,  dz  .017 

Or,  if  O  =  16,  Ce  =  140.747. 

Buehrig's  results  alone,  both  sets  combined,  give  Ce  = 
141.198,  ±  .020;  or,  if  0  =  16,  Ce  =  141.523. 

Wolf  and  Wing's  figures  alone  make  Ce  =  137.724 ;  or,  if 
0  =  16,  Ce  =  138.039. 

The  latter  result  is  subject  to  the  errors  pointed  out  by 
Buehrig  as  involved  in  the  use  of  cerium  sulphate ;  but  the 
ceroso-ceric  oxide  obtained  in  the  analyses  was  pure  white. 
Buehrig's  ceroso-ceric  oxide,  on  the  other  hand,  was  yellow. 
In  neither  case  was  didymium  present.  All  things  consid- 
ered, therefore,  it  is  probable  that  the  lower  result  is  too  low 
and  the  higher  result  too  high.  How  near  the  general 
mean  of  all  may  be  to  the  truth  we  have  no  evidence  to 
show.  It  is  clear  that  new  determinations  are  needed,  made 
with  material  yielding  whUe  ceroso-ceric  oxide,  and  with 
avoidance  of  the  sources  of  error  which  Buehrig  pointed 
out. 


LANTHANUM. 

Leaving  out  of  account  the  work  of  Mosander,  and  the 
valueless  experiments  of  Choubine,  we  may  consider  the 
estimates  of  the  atomic  weight  of  lanthanum  which  are  due 
to  Hermann,  Rammelsberg,  Marignac,  Czudnowicz,  Holz- 
mann,  Zschiesche,  Erk,  and  Cleve. 

From  Rammelsberg*  we  have  but  one  analysis.  .700 
grm.  of  lanthanum  sulphate  gave  .883  grm.  of  barium  sul- 
phate. Hence  100  parts  of  BaS04  ^^e  equivalent  to  79.276 
of  La,(SOJs. 


*Poggend.  Annal.,  55,  65. 
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Marignac,*  working  also  with  the  sulphate  of  lanthanum, 
employed  two  methods.  First,  the  salt  in  solution  was 
mixed  with  a  slight  excess  of  barium  chloride.  The  result- 
ing barium  sulphate  was  filtered  off  and  weighed ;  but,  as  it 
contained  some  occluded  lanthanum  compounds,  its  weight 
was  too  high.  In  the  filtrate  the  excess  of  barium  was  esti- 
mated, also  as  sulphate.  This  last  weight  of  sulphate,  de- 
ducted from  the  total  sulphate  which  the  whole  amount  of 
barium  chloride  could  form,  gave  the  sulphate  actually  pro- 
portional to  the  lanthanum  compound.  The  following 
weights  are  given : 


^^.(•^^4)8- 

BaCl^. 

ist  BaSO^. 

2d  BaSO^. 

4.346  gnn. 

4.758  grm. 

5.364  grm. 

.115  gim. 

4.733    " 

5.178     « 

5.848    " 

.147     " 

Hence  we  have  the  following  quantities  of  LajCSO^),  pro- 
portional to  100  parts  of  BaSO^.  Column  A  is  deduced 
from  the  first  BaSO^  and  column  B  from  the  second,  after 
the  manner  above  described : 


A. 

B. 

81.022 

83.281 

80.934 

83.662 

Mean,  80.978,  d=  .030 

Mean,  83.471,  d:  .1: 

From    A 

La  =  138.776 

"       B 

«   =147.474 

A  agrees  best  with  other  determinations,  although,  theo- 
retically, it  is  not  so  good  as  B. 

Marignac's  second  method,  described  in  the  same  paper 
with  the  foregoing  experiments,  consisted  in  mixing  solu- 
tions of  La, (804)3  with  solutions  of  BaCl,,  titrating  one 
with  the  other  until  equilibrium  was  established.  The 
method  has  already  been  described  under  cerium.  The 
weighings  give  maxima  and  minima  for  BaCl,.  In  another 
column  I  give  La2(S04)3  proportional  to  100  parts  of  BaCl,, 
mean  weights  being  taken  for  the  latter : 

'^  Archives  des  Sci   Phys.  et  Naturelles,  (i,)  11,  29.     1S49. 
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jLa^{SO,\, 

BaCl^, 

Ratio. 

11.644 

grm. 

12.765  —  12.825 

grm. 

91.004 

12.035 

<i 

i3-»95  — 13265 

it 

90.968 

10.690 

«i 

11.669  —  11.749 

€t 

91.297 

12.750 

« 

13.920  —  14.000 

« 

91.332 

10.757 

<f 

11.734  —  II. 814 

U 

91.362 

12.672 

ti 

13.813  —  13.893 

« 

91.475 

9.246 

it 

10.080  —  10.160 

it 

91.364 

10.292 

tt 

11.264  —  11.264 

tt 

91.615 

10. 192 

t€ 

II. m  —  II. 171 

tt 

91.482 

231 


Mean,  91.322,  4=  .048 

Hence  La  =  140.484. 

Although  not  next  in  chronological  order,  some  still  more 
recent  work  of  Marignac's*  may  properly  be  considered 
here.  The  salt  studied  was  the  sulphate  of  lanthanum,  puri- 
fied by  repeated  crystallizations.  In  two  experiments  the 
salt  was  calcined,  and  the  residual  oxide  weighed ;  in  two 
others  the  lanthanum  was  precipitated  as  oxalate,  and  con- 
verted into  oxide  by  ignition.  The  following  percentages 
are  given  for  LagO, : 

^ '  *  ^    y  By  calcination. 
57.58  J 

57-50  \  ppt,  as  oxalate. 
57.55  ^ 


Mean,  57.5475t  :b  .0115 

The  atomic  weight  determinations  of  Holzmannf  were 
made  by  analyses  of  the  sulphate  and  iodate  of  lanthanum, 
and  the  double  nitrate  of  magnesium  and  lanthanum.  In 
the  sulphate  experiments  the  lanthanum  was  first  thrown 
down  as  oxalate,  which,  on  ignition,  yielded  oxide.  The 
sulphuric  «^id  was  precipitated  as  BaSO^  in  the  filtrate. 

X^a^{SO^\,  La^O^.  BaSO^. 

.9663  gnn.  .5157  giro.  1.1093  grm- 

.6226    «  .3323     "  .7123 

.S669     "  .4626    "  .9869 


tt 


*  Ann.  de  Chim.  et  de  Phys.,  (4,)  30,  68.    1873. 
t  Joum.  fUr  Prakt.  Chem.,  7$,  321.     1858. 
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These  results  are  best  used  by  taking  the  ratio  between 

the  BaSO^,  put  at  100,  and  the  La,0,.    The  figures  are 

then  as  follows: 

46.489 
46.652 
46.873 

Mean,  46.671,  :+:  .075 

In  the  analyses  of  the  iodate  the  lanthanum  was  thrown 
down  as  oxalate,  as  before.  The  iodic  acid  was  also  esti- 
mated volumetrically,  but  the  figures  are  hardly  available 
for  present  discussion.    The  following  percentages  of  La^O^ 

were  found : 

23-454 

23419 
23.468 

Mean,  23.447,  dz  .0216 

The  fonnula  of  this  salt  is  La,(I08)e.3H,0. 

The  double  nitrate,  La2(N08)e.3Mg(N03)a.24H,O,  gave 
the  following  analytical  data : 

Sa/f.  H^O,  MgO,  La^O^. 

.5327  gnn.  .1569  grm.  .0417  grm.  .1131  grm. 

.5931  "  -1734  "  -0467  "  .1262  " 

.5662  "  .1647  **  -0442  "  'W^l 

•3757  "      0297  ««  .0813 

.3263  "      .«-   .  .0256  **  .0693  »» 

These  weighings  give  the  subjoined  percentages  of  LajO^ : 

21.231 
21.278 
21. 141 
21.640 
21.238 


Mean,  21.3056,  d:  .058 

These  data  of  Holzmann  give  values  for  the  molecular 
weight  of  LajOg  as  follows: 

From  sulphate ^O,  ^^  325.674,  ±  .52a 

"     iodate "     =  322.419,  ;t  .113 

**      magnesian  nitrate..     "      =  324.355,  i:  .923 
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Czudnowicz*  based  his  determination  of  the  atomic 
weight  of  lanthanum  upon  one  analysis  of  the  air-dried 
sulphate.    The  salt  contained  22.741  per  cent,  of  wtiter. 

.598  grm.  gave  .272  gnn.  La^O,  and  .586  grm.  BaSO^. 

The  IjajOs  ^^  found  by  precipitation  as  oxalate  and  ig- 
nition. The  BaS04  was  thrown  down  from  the  filtrate. 
Reduced  to  the  standards  already  adopted  these  data  give 
for  the  percentage  of  La,03  in  the  anhydrous  sulphate  the 
figure  58.668.  79.117  parts  of  the  salt  are  proportional  to 
100  parts  of  BaSO^. 

Hermann  t  studied  both  the  sulphate  and  the  carbonate 
of  lanthanum.  From  the  anhydrous  sulphate,  by  precipi- 
tation as  oxalate  and  ignition,  the  following  percentages  of 

LajOj  were  obtained : 

57.690 

57.663 
57.610 

Mean,  57s654,  db  .016 

The  carbonate,  dried  at  100°,  gave  the  following  percent- 
ages : 

«    68.47  La,0,. 
27.67  CO,. 
3.86  H,0. 

Reckoning  from  the  ratio  between  CO,  and  LaaO,  the 
molecular  weight  of  the  latter  becomes  325.896. 

Zschiesche'st  experiments  consist  of  six  analyses  of  lan- 
thanum sulphate,  which  salt  was  dehydrated  at  230°,  and 
afterwards  calcined.  I  subjoin  his  percentages,  and  in  a 
fourth  column  deduce  from  them  the  percentage  of  La,Oa 
in  the  anhydrous  salt : 


22.629 
22.562 
22.730 

33.470 
33.306 
33.200 

La^O^, 

43.909 
44.132 
44.070 

La^O^  in  anhydrous  salt. 

56.745 
56.964 

57.034 

*  Joum.  filr  Prakt.  Chcm.,  80,  33.     i860, 
t  Joum.  Hir  Prakt.  Chem.,  82,  396.     1861. 
t  Joum.  filr  Prakt.  Chem.,  104,  174. 
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« 

H^O.  SO^,  I^^O^,    La^O^  in  anhydrous  saU, 

22.570  33.333  44.090  56.947 

22.6;o  33.160  44.240  57.150 

22.630  33.051  44.3»o  57.277 

Mean,  57.021,  dr  .051 

Erk  *  found  that  .474  grm.  of  La, (804)3,  by  precipitation 
as  oxalate  and  ignition,  gave  .2705  grm.  of  La, 0,,  or  57.068 
per  cent.  .7045  grm.  of  the  sulphate  also  gave  .8815  grm. 
of  BaSO^.  Hence  100  parts  of  BaS04  are  equivalent  to 
79.921  of  La,(S0j3. 

Last  of  all,  and  probably  best  of  all,  we  come  to  the  de- 
terminations of  Cleve.t  Strongly  calcined  LajO,,  spectro- 
scopically  pure,  W£ts  dissolved  in  nitric  acid,  and  then,  by 
evaporation  with  sulphuric  acid,  converted  into  sulphate : 

1. 9215  gnn.  La,0,  gave  3.3365  grm.  sulphate.     57.590  per  cent. 

2.0570  «-  3.5705  "  57.611 

1.69S0  "  2.9445  "  57.667 

2.0840  **  3.6170  "  57.617 

1.9565  "  33960  "  57.612 


•c 
«< 


Mean,  57.619,  db  .0085 

From  the  last  column,  which  indicates  the  percentage  of 
La,0,  in  La(SO  J„  we  get,  if  SO,  =  80,  La  =  139.15. 

We  may  now  combine  the  similar  means  into  general 
means,  and  deduce  a  value  for  the  atomic  weight  of  lantha- 
num. For  the  percentage  of  oxide  in  sulphate  we  have  six 
estimates,  as  follows.  The  single  experiments  of  Czudnowicz 
and  of  Erk  are  assigned  the  probable  error  and  weight  of  a 
single  experiment  in  Hermann's  series : 

Czudnowicz 1 58.668,    ±.027 

Erk 57.068,    d=  .027 

Hermann 57.654«    ±  .016 

Zschiesche .—  57.021,    ±.051 

Marignac 57-5475.  =fc  0115 

Cleve — 57.619,    ±  .0085 

General  mean 57.620,    d:  .0059 

*  Jenaisches*  Zeitschrift,  6,  306.     187 1. 

t  K.  Svenska  Vet.  Akad.  Handlingar,  Bd.  2,  No.  7.     1874. 
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For  the  quantity  of  La,(S04)3  proportional  to  100  parts 
of  BaSO^,  we  have  ifive  experiments,  which  may  be  given 
equal  w^eight  and  averaged  together : 

Marignac .. .. 81.022 

80.934 

Rammelsbeig 79.276 

Czudnowicz . 79»ii7 

Erk 79*921 

Mean,  80.054,  d=  .270 

In  all,  there  are  seven  ratios  from  which  to  calculate : 

(I.)  Percentage  of  La,0,  in  La^fSO^),,  57.620,  dr  .0059 

(2.)  BaCI,  :  I^CSOJj  : :  100  :  91.322,  :t  .048~Marignac. 

(3.)  BaSO^  :  La,(S04)j  : :  100  :  80.054.  ±,  .270 

(4.)  BaSO^  :  La,0,  : :  loo  :  46.671,  rb  .075 — Holzmann. 

(5.)  Percentage  of  La^O,  in  iodate,  23.447,  d=  .0216 — Holzmann. 

(6.)  "  "  magnesian  nitrate,  21.3056,  db  .058 — Holzmann. 

(7.)  "  "  carbonate,  68.47 — Hermann. 

These  ratios  give  five  values  for  the  molecular  weight  of 
lanthanum  oxide,  and  two  for  that  of  the  sulphate : 

From  (2) La,(S04),  =  568.488,  ±    .320 

"      (3) —        "        =  558-624,  ±:  1.888 

General  mean,        **        =568.212,  dr    .316 

Hence  La  =  140.346,  ifc  .160. 

From  (I) La,0,  =  325-79"»  ±-  -074 

(4) "      =  325-674,  dr  .522 

(5) "      =  322.4I9»  =fc  -"3 

(6) "      =  324.355»  ±:  -923 

(7) -     "     =325.896,^.488 

General  mean "      =  324.810,  dr  .061 

Here  the  value  derived  from  ratio  (7)  is  given  the  weight 
of  a  single  experiment  in  ratio  (1.)  Hence  La  =  138.460, 
±  .031. 

CJombining  the  two  values  for  La,  we  get  this  final  result : 

From  La,0, La  =  138.460,  ±  .031 

"     La,(S04)j "   =  140.346,  ±  .160 

General  mean "  =  138.526,  ±z  .030 

Or,  if  O  =  16,  La  =  138.844. 


« 

« 
•« 
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Since  this  value  is  a  little  under  and  Cleve's  a  little  over 
139,  the  latter  figure  may  fairly  be  used  in  all  calculations 
involving  a  knowledge  of  the  atomic  weight  of  lanthanum. 


DIDYMIUM. 


The  atomic  weight  of  didymium  has  been  determined  by 
Marignac,  Hermann,  Zschiesche,  Erk,  and  Cleve.  Mosan- 
der's  early  experiments  we  may  leave  out  of  account. 

Marignac  *  mixed  a  solution  of  the  sulphate  with  a  slight 
excess  of  barium  chloride,  filtered,  weighed  the  precipitate, 
and  estimated  the  excess  of  barium  in  the  filtrate  by  the 
ordinary  method.  The  first  precipitate  always  contained 
didymium,  and  therefore  weighed  too  much.  By  deducting 
the  weight  of  the  second  precipitate,  representing  the  excess 
of  the  barium  chloride,  from  the  weight  of  barium  sulphate 
theoretically  formable,  the  weight  of  the  latter  proportional 
to  the  quantity  of  didymium  salt  taken  was  found  : 


DiJiSO,)y 

BaCl^. 

i5t  BaSO^. 

2d  BaSO^, 

3.633  grm. 

3.902  grm. 

4.412  grm. 

.084  grm. 

3.862  " 

4.227  " 

4.679  " 

.075  « 

3- 330  " 

3.552  " 

4.027  " 

.088  " 

1.386  •• 

1.477  " 

1. 681  " 

.014  " 

These  figures  give  us  a  ratio  between  the  sulphates  of 
didymium  and  barium  which  we  may  express  as  follows. 
Column  A  gives  the  01,(804)3  proportional  to  100  parts  of 
BaSO^,  as  calculated  from  the  first  precipitate  of  the  latter. 
Column  B  gives  a  similar  ratio  calculated  with  the  second 
BaSO^  precipitate,  this  being  deduced  from  the  total  BaS04 
which  the  chloride  used  could  form : 

A.  B. 

82.344  84.685 

82.539  82.626 

82.692  85.545 

82.451  84.425 

82.247 — Erk.  

Mean,  84.320,  ±  .414 


Mean,  82.455,  zh  .052 


*  Arch,  des  Sci.  Phys.  et  Naturelles,  (i,)  ii,  29.     1849. 
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To  A  I  have  added  a  single  result  of  Erk's,  to  be  described 
further  along.  It  will  be  seen  that  although  A  is  theoreti- 
cally defective,  its  figures  are  much  more  concordant  than 
those  in  B.  In  fact,  the  latter  would  almost  vanish  for  the 
final  general  mean  for  the  atomic  weight  of  didymium : 

From  A Di  =  143.929 

"      B ._ "   =150.436 

In  a  later  paper  *  Marignac  adopts  two  other  methods  for 
establishing  the  atomic  weight  of  didymium.  The  carefully 
dehydrated  sulphate  was  taken,  the  didymium  was  precipi- 
tated as  oxalate,  and  the  latter,  ignited,  yielded  oxide.  The 
foUoviring  percentages  of  oxide  were  found: 

58.22 
58.24 
58.29 

58.3» 
58.29 


Mean,  58.27,  d=  .0115 

The  chloride  of  didymium  was  also  studied.  As  the  anhy- 
drous salt  could  not  be  obtained  in  an  absolutely  definite 
state,  Marignac  prepared  neutral  solutions  of  it  and  deter- 
mined the  ratio  between  didymium  oxide  and  silver  chlo- 
ride. The  latter  compound  was  first  precipitated  in  the 
usual  way,  and  filtered  oflF;  the  excess  of  silver  in  the  filtrate 
was  removed  by  hydrochloric  acid,  and  after  that  the  didy- 
mium was  thrown  down  as  oxalate  and  weighed  as  oxide. 
The  subjoined  weights  of  AgCl  and  DiaOg  were  found.  In 
41  third  column  I  give  the  ratio  between  the  two  compounds, 
putting  AgCl  at  100 : 

AgCL  Di^Oy  RaHo, 

10.058  gnn.  3.946  grm.  39.232 

5.029    "  1.960    "  38.974 

5.844    "  2.276    "  38.946 


Mean,  39.051,  db  .061 

Hence  Di  =  143.637,  =b  .263. 


♦Ann.  d.  Chim.  et  d.  Phys.,  (3,)  38,  148.     1853. 
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Hermann's  *  determination  of  the  atomic  weight  of  didy- 
mium  rests  on  a  single  experiment  with  the  sulphate.  By 
precipitation  as  oxalate  and  subsequent  ignition,  he  found 
that  this  salt  yielded  58.14  per  cent,  of  DijO,. 

Zschieschef  also  analyzed  didymium  sulphate,  which  he 
dehydrated  at  230®,  and  afterwards  converted  into  oxide  by 
calcination.  I  give  his  percentages,  and  also,  in  a  fourth 
column,  the  percentage  of  oxide  from  the  anhydrous  sul- 
phate as  deduced  from  his  figures : 


H^O, 

SO^. 

Di^Oy 

/>,-,o. 

in  anhyd,  salt. 

23.19 

32.97 

43.83 

57.070 

23.03 

32.39 

44.58 

57.919 

23.00 

32.56 

44.95 

58.006 

23.547 

31-938 

44.515 

58.225 

22.550 

32.870 

44.570 

57554 

The  salt  used  in  the  first  experiment  probably  contained 
lanthanum.  Rejecting  this,  the  mean  of  the  figures  remain- 
ing in  the  fourth  column  is  57.926,  ±:  .094.  Hence  Di  = 
141.007. 

Erk,t  to  whom  reference  has  already  been  made,  estimated 
didymium  in  the  sulphate  by  precipitation  as  oxalate  and 
calcination  to  oxide : 


DiJ,SO,\ 

^^r 

Per  cent,  Di^O^, 

.556  gnn. 

.323  grm. 

58.094 

.674    " 

.3915  " 

58.087 

Hermann's  single  result  for  this  percentage,  58.14,  agrees 
more  nearly  with  Erk's  series  than  with  any  other.  It  may 
therefore  be  averaged  in  with  Erk's  two  experiments,  giving 
a  mean  of  58.107,  ±  .0112.  Erk  also  obtained  from  .7065 
grm.  of  sulphate  .859  grm.  BaSO^.  This  experiment  has 
already  been  averaged  with  Marignac's  earlier  results. 

The  latest  determinations  of  the  atomic  weight  of  didy- 
mium were  published  by  Cleve  ||  in  1874.    Strongly  calcined 

• 

♦  Joum.  fUr  Prakt.  Chem.,  82,  367.     1861. 

f  Joum.  filr  Prakt.  Chem.,  107,  74. 

X  Jenaisches*  Zeitschrift,  6,  306.     1871. 

II  K.  Svenska  Vet.  Akad.  Handlingar,  Bd.  2,  No.  8.  These  figures  were  kindly 
transcribed  for  me  by  Professor  Delafontaine  of  Chicago,  as  I  had  not  access  to 
a  copy  of  the  original  memoir. 
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didymium  oxide  was  dissolved  in  nitric  acid,  the  solution 
was  evaporated  with  sulphuric  acid,  and  the  weight  of  the 
resulting  sulphate  was  ascertained.  I  subjoin  the  weighings 
and  the  percentage  of  Di^Oa  in  1^12(804)3 : 

-Of,  a,. 

2.257   grin: 
1.086      < 
1. 1525   • 

I  3635   ' 
1.9655   • 

1.528      • 

Mean,  58.766,  ±  .0087 

Hence  Di  =  146.804.    If  SO,  =  80,  Di  =  147.021. 

This  determination  is  undoubtedly  the  best  of  all,  and 
might  properly  be  accepted  to  the  exclusion  of  the  others. 
Still,  it  is  worth  while  to  combine  all  the  figures  into  one 
general  mean.  For  the  percentage  of  DijOg  in  Dij(S04)3 
we  have  the  following  data  : 

Marignac 58.270,  db  .0115 

Erk  and  Hermann 58.107,  zt  .0112 

Zschiesche 57.926,  ±  .094 

Cleve 58.766,  db  .0087 


Vt\(SO,),, 

Per  cent,  Di^O^, 

3.844  grm. 

58.715 

1.8485  " 

58-750 

I. 9615  " 

58.756 

2.319  •* 

58.797 

3.3435  " 

58.786 

2.599  " 

58792 

General  mean 58.451,  ±  .0059 


For  the  atomic  weight  of  didymium  we  have  now  three 
independent  values : 

From  per  cent.  Di,0,  in  Di,(S04), Di  =  144.604,  i  .031 

«*       Marignac's  chloride  analyses "  ^  143.637,  ±  ,263 

"       Marignac's  and  Erk*s  BaSO^ ratio..  "   =  143.929,  db  .189 


General  mean «*  =  I44.573»  =t  -0306 

If  O  =  16,  Di  =  144.906. 
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THE  YTTRIUM  GROUP. 

The  atomic  weights  of  the  metals  in  this  group  can  only 
be  said  to  have  been  determined  approximately.  Not  onl\^ 
do  great  difficulties  attend  the  purification  of  the  material 
used  for  study  and  the  separation  of  the  earths  from  each 
other,  but  there  have  been  and  still  are  grave  doubts  as  to 
the  actual  nature  of  some  of  the  latter.  The  figures  for 
scandium,  yttrium,  and  ytterbium  seem  to  be  tolerably 
good ;  those  for  decipium,  philippium,  thulium,  erbium,  and 
terbium  are  little  more  than  estimates ;  for  samarium  we 
have  no  data  whatever.  All  the  atomic  weights  in  this 
group  are  based  upon  analyses  or  syntheses  of  sulphates ; 
and  from  analogy  to  the  cerium  metals  all  of  these  elements 
are  regarded  as  forming  sesquioxides. 

SCANDIUM. 

Cleve,*  who  was  the  first  to  make  accurate  experiments 
on  the  atomic  weight  of  this  metal,  obtained  the  following 
data.  1.451  grm.  of  sulphate,  ignited,  gave  .5293  grm.  of 
ScjOj.  .4479  grm.  of  ScjOg,  converted  into  sulphate, 
yielded  1.2255  grm.  of  the  latter,  which,  upon  ignition, 
gave  .4479  grm.  of  ScjOg.  Hence,  for  the  percentage  of 
Sc,0,  in  80,(80^),  we  have: 

36.478 
36.556 
36.556 


Mean,  36.530 

Hence,  if  80,  =  80,  Sc  =  45.044. 

Later  and  better  results  are  those  of  Nilson,t  who  con- 
verted scandium  oxide  into  the  sulphate.  I  give  in  a  third 
column  the  percentage  of  oxide  in  sulphate  : 

^  Compt.  Rend.,  89,  419. 
fCompt.  Rend.,  91,  118. 
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•3379  g"^'  SCjOj  gave  .9343  gnn.  805(804)3.  36.166  per  cent. 

.3015  "  .8330  "  36.194      " 

.2998  "  .8257  "  36.187 

.3192  "  .8823  "  36.178 


(i 

(C 


Mean,  36.181,  ifc  .004 

Hence  Sc  =  43.980,  ±  .015 ;  or,  if  0  =  16,  then  Sc  = 
44.081.  If  SOs  =  80,  then  Sc  =  44.032.  These  values  are 
doubtless  very  nearly  correct. 

YTTRIUM. 

For  yttrium  we  need  consider  only  the  determinations 
of  Popp,  Delafontaine,  Bahr  and  Bunsen,  and  Cleve. 

Popp  *  evidently  worked  with  material  not  wholly  free 
from  earths  of  higher  molecular  weight  than  yttria.  The 
yttrium  sulphate  was  dehydrated  at  200°;  the  sulphuric 
acid  was  then  estimated  as  barium  sulphate ;  and  after  the 
excess  of  barium  in  the  filtrate  had  been  removed,  the 
yttrium  was  thrown  down  as  oxalate,  and  ignited  to  yield 
oxide.     The  following  are  the  weights  given  by  Popp : 


Sulphate, 

BaSO^. 

K/,0,. 

H^O, 

1. 1805  grm. 

1.3145  gnn. 

.4742  gnn. 

.255  gnn. 

1.4295     " 

1-593      " 

.5745    " 

.308    " 

.8455     " 

.9407    " 

.3392    " 

.1825  ** 

1.045       " 

I. 1635    « 

.4195     " 

.2258  " 

Eliminating  water,  these  figures  give  us  for  the  percent- 
ages of  YtjOg  in  Ytj(S04)3  the  values  in  column  A.  In 
column  B  I  put  the  quantities  of  YtjOg  proportional  to 
100  parts  of  BaSO^  : 


A. 

51-237 
51.226 

51. 161 

51.209 

± 

.011 

Mean 

B.        . 

36^075 
36.064 

36.058 

36.055 

Mean,  51.208, 

,  36.063,  i  .003 

From  B,  Yt  =  101.880.    The  values  in  A  will  be  com- 
bined with  similar  data  from  other  experimenters. 


*Ann.  Chem.  Phann.,  131,  179. 

16 
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In  1865  Delafontaine  *  published  some  results  obtained 
from  yttrium  sulphate,  the  yttrium  being  thrown  down  as 
oxalate  and  weighed  as  oxide.  In  the  fourth  eolumii  I  give 
the  percentages  of  Yt,0,  reckoned  from  the  anhydrous  sul- 
phate: 

Sulphate,  1?,0,.  H^O.        Percent.  Vt^O^. 

.9545  gnn.  .371  gnn.  .216  grm.  50-237 

2.485      "  .9585  "  .565    "  49922 

2.153      "  -827    "  .4935  "  49-834 


Mean,  49.998,  d=  .081 


In  another  paper  f  Delafontaine  gives  the  following  per- 
centages of  YtjOa  in  dry  sulphate.  The  mode  of  estima- 
tion was  the  same  as  before : 

48.23 
48.09 

48.37     • 

Mean,  48.23,  dr  .055 

Bahr  and  Bunsen^t  and  likewise  Cleve,  adopted  the 
method  of  converting  dry  yttrium  oxide  into  anhydrous 
sulphate,  and  noting  the  gain  in  weight.  Bahr  and  Bunsen 
give  us  the  two  following  results.  I  add  the  usual  percent- 
age column : 

y/jC?,.  Vt^{SO^)^.  Per  cent,  Yt^O^. 

.7266  grm.  1.4737  gnn-  49-3^ 

.7856    "  1.5956    "  49-235 


Mean,  49-2695,  d=  .0233 

Cleve'sll  results  are  published  in  a  joint  memoir  by  Cleve 
and  Hoeglund,  and  are  as  follows : 


♦Ann.  Chem.  Pharm.,  134,  108. 
t  Arch,  des  Sci.  Phys.  et  Nat.,  {2,)  25,  119.     1866. 
J  Ann.  Chem.  Pharm.,  137,  21.     1866. 
K.  Svenska  Vet.  Akad.  Handlingar,  Bd.  i,  No.  8. 
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yy^Oy  yf^{SO^)y  Per  cent,  Yt^Oy 

1.4060  grm.  2.8925  gnn.  48.608 

1.0930    "  2.2515     "  48.545 

1.4540    "  2.9895     "  48.637 

1.3285     "  2.7320    "  48.627 

2.3500    "  4.8330    "  48.624 

2.5780     "  5-3055     "  48.591 

Mean,  48.605,  dr  .0096 

This  series  is  unquestionably  the  best  of  all.  From  it,  if 
SO  3  =  80,  Yt  =  89.485. 

Combining  all  these  data  we  have  the  subjoined  general 
mean  for  the  percentage  of  YtjO, : 

Popp 51.208,    ±.oii 

Delafontaine,  ist 49.998,    d=  .081 

2d _-.  48.230,    4r.055 

Bahr  and  Bunsen 49.2695,  db  .0233 

Qevc 48.605,    db  .0096 

General  mean 49.637,    d:  .0069 

Rejecting  Popp 48.705,    ±  .0087 

From  the  general  mean  of  all,  Yt  =  97.616.  From  the 
mean  after  excluding  Popp's  work,  Yt  =  89.816,  ±.  .067 ; 
or,  if  O  =  16,  Yt  =  90.023. 

YTTERBIUM. 

For  ytterbium  we  have  one  very  good  set  of  determina- 
tions by  Nilson.*  The  oxide  was  converted  into  the  sul- 
phate after  the  usual  manner : 


Yb^O 

^s. 

YbJ,SO,\. 

Percent.  Yb^O^ 

1.0063 

grm. 

1. 6186 

gnn. 

62.171 

1.0139 

1. 6314 

« 

62.149 

.8509 

1.3690 

« 

62.155 

.7371 

1.1861 

« 

62.145  . 

1-0005 

1.6099 

i< 

62.147 

.8090 

1.3022 

i( 

62.126 

1.0059 

1. 6189 

(( 

Mean, 

62.134 

62.147,  ±  -ooj^ 

*  Compt.  Rend.,  91,  56.     1880. 
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Hence  Yb  =  172.761,  ±  .038.  If  0  =  16,  then  Yb  = 
173.158;  If  SOa  =  80,  Yb  =  173.016.  The  true  number 
cannot  be  far  from  173. 

ERBIUM. 

Since  the  earth  which  was  formerly  regarded  as  the  oxide 
of  this  metal  is  now  known  to  be  a  mixture  of  two  or  three 
diflFerent  oxides,  the  older  determinations  of  its  molecular 
weight  have  little  more  than  historical  interest.  Xevertl  e- 
less  the  work  done  by  several  investigators  may  properly  be 
cited,  since  it  sheds  some  light  upon  certain  important  prob- 
lems. 

First,  Delafontaine's*  early  investigations  may  be  consid- 
ered. A  sulphate,  regarded  as  erbium  sulphate,  gave  the 
following  data.  An  oxalate  was  thrown  down  from  it, 
which,  upon  ignition,  gave  oxide.  The  percentages  in  the 
fourth  column  refer  to  the  anhydrous  sulphate.  In  the  last 
experiment  water  was  not  estimated,  and  I  assume  for  its 
water  the  mean  percentage  of  the  four  preceding  experi- 
ments: 


Sulphate, 

Er^O^, 

H^O. 

Ptr  cent,  £ 

.827  grm. 

•353  gnn. 

.177  gnu. 

■ 

54.308 

1.0485  " 

.4475  " 

.226     " 

54.407 

.803     " 

.3415  " 

.171     " 

54.035 

1.232     " 

.523     " 

.264     " 

54.028 

1.1505  " 

.495     " 

54.760 

Mean, 

54.308 

b.0915 

Bahr  and  Bunsen  f  give  a  series  of  results,  representing 
successive  purifications  of  the  earth  which  was  studied. 
The  final  result,  obtained  bv  the  conversion  of  oxide  into 
sulphate,  was  as  follows : 

.7870  grm.  oxide  gave  1.2765  grm.  sulphate.     61.653  per  cent,  oxide. 

Hoeglund,t  following  the  method  of  Bahr  and  Bunsen, 
secured  these  results : 

*  Ann.  Chem.  Pharm.,  134,  108.     1865. 

t  Ann.  Chem.  Pharm.,  137,  21.     1866. 

%  K.  Svenska  Vet.  Akad.  Handlingar,  Bd.  i,  No.  6. 
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£r^Oy  Er^{SO^^,  Per  cent.  Er^O^ 

1.8760  grm.  3.0360  gnn.  61.792 

1.7990    "  2.9100    "  61.821 

2.8410    "  4.5935     "  61.848 

1.2S50    "  2.0775     "  61.853 

1. 1300    "  1.827       "  61.850 

.8475     "  1-370      "  61.861 

Mean,  61.8375,  zb  .0063 

Humpidge  and  Burney  *  give  data  as  follows : 

1.9596  grm.  Er,(S04),  gave  1.2147  grm.  EfjOj.     61.987  percent. 
1. 901 1  "  I.1781  "  61.965      " 

Mean,  61.976,  ±  .0074 

Combining  all  four  series  we  get  the  subjoined  general 
mean  for  the  percentage  of  oxide  in  sulphate.  Bahr  and 
Bunsen's  single  experiment  is  given  the  probable  error  of 
one  experiment  in  Hoeglund's  series : 

Delafontaine 54- 308,    ±  .0915 

Bahr  and  Bunsen 61.653,    ±.0178 

Hoeglund 61.8375,  rfc  .0063 

Humpidge  and  Bumey ^  61.976,    rfc  .0074 

I  General  mean 61.860,    =h  .0046 

Rejecting  the  first 61.880, '  di  .0046 

From  the  mean  of  all,  Er  =  170.379,  ±  .082 ;  or,  if  0  = 
16,  Er  =  170.770.  From  Bahr  and  Bunsen's  determination, 
Er  =  168.683 ;  and  from  Humpidge  and  Burney's  highest, 
Er  =  171.428. 

The  foregoing  data  were  all  published  before  the  com- 
posite nature  of  the  supposed  erbia  was  fully  recognized. 
It  will  be  seen,  however,  that  three  sets  of  results  were  fairly 
comparable,  while  Delafontaine  evidently  studied  an  earth 
widely  difTerent  from  that  investigated  by  the  others.  Since 
the  discovery  of  ytterbium,  some  light  has  been  thrown  on 
the  matter.  The  old  erbia  is  a  mixture  of  at  least  three 
earths^  to  one  of  which,  a  rose-colored  body,  the  name  erbia 
is  now  restricted.    For  the  atomic  weight  of  the  true  erbium 


« 


Joum.  Chem.  Society,  Feb.,  1879,  P*  *'6' 
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Cleve*  gives  three  values,  but  without  data  concerning 

weighings  or  methods.     Doubtless  the  oxide  was  converted 

into  sulphate,  and  the  calculations  were  made  with  SO,  = 

80: 

166.00 

166.21 

166.25 


Mean,  166.153 

With  SOg  =  79.874,  this  becomes  165.891,  and  if  only  0 
=  16,  166.273.  These  figures  are  undoubtedly  the  nearest 
yet  reached  to  the  true  value.  According  to  Thalen,t  who 
reasons  from  spectroscopic  evidence,  the  erbium  of  Ho^lund 
was  largely  ytterbium. 

• 

TERBIUM,  SAMARIUM,  PHILIPPIUM,  DECIPIUM,  THULIUM, 
HOLMIUM,  AND  SORET's   EARTH   X. 

Concerning  these  substances,  real  or  alleged,  the  data  are 
exceedingly  vague.  For  phillippium  Delafontainet  gives 
an  atomic  weight  approximating  to  123  or  125,  and  in  the 
same  memoir  decipium  is  put  at  171.  It  seems  probable  that 
philippium  may  be  identical  with  Cleve's  holmium  and  the 
metal  of  Soret^s  earth  X,  while  decipium  comes  near  Cleve*s 
thulium,  for  which  the  discoverer  gives  a  value  of  about 
170.7.11  If  decipium  and  thulium  are  identical,  or  if  either 
proves  to  be  erbium  or  ytterbium  contaminated  with  the 
other,  then  we  shall  have  a  triad  of  metals  with  atomic 
weights  ranging  from  Er  =  166  to  Yb  =  173,  strikingly 
parallel  with  lanthanum,  cerium,  and  didymium.  If  we 
take  the  natural  arrangement  of  the  elements  as  tabulated 
after  Mendelejeff  *s  plan,  somewhat  modified  in  Roscoe  and 
Schorlemmer's  "  Treatise  on  Chemistry ,§  we  find  that  such 
a  triad  should  exist,  and,  furthermore,  that  another  similar 

*Compt.  Rend.,  9i,«382. 

f  Poggend.  Beibl&tter,  5,  122.     1881. 

X  Arch,  des  Sci.  Phys.  et  Nat.,  Mars,  1880. 

II  Compt.  Rend.,  91,  329.     1880. 

2  Vol.  2.  Part  2,  p.  507. 
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group  ougbt  to  lie  between  indium  and  tin.  The  latter 
triad  should  have  atomic  weights  ranging  from  114  to  117 ; 
and  here  possibly,  or  else  forming  a  triad  with  yttrium,  the 
other  metals  of  this  group  may  lie. 


COLUMBIUM* 

The  atomic  weight  of  this  metal  has  been  determined  by 
Rose,  Hermann,  Blomstrand,  and  Marignac.  Rosef  anal- 
yzed '  a  compound  which  he  supposed  to  be  chloride,  but 
-which,  according  to  Ilammelsberg,t  must  have  been  nearly 
pure  oxychloride.  If  it  was  chloride,  then  the  widely  vary- 
ing results  give  approximately  Cb  =  122 ;  if  it  was  oxy- 
chloride, the  value  becomes  nearly  94.  If  it  was  chloride, 
it  was  doubtless  contaminated  with  tantalum  compounds. 

Hermann's  II  results  seem  to  have  no  present  value,  and 
as  for  Blomstrand's,§  I  am  not  able  to  get  at  a  copy  of  his 
original  memoir.  The  results  of  the  latter  chemist  are  thus 
summed  up  in  Becker's  "  Digest."  Three  chlorine  estima-- 
lions  in  the  pentachloride  give,  in  mean,  Cb  =  96.67. 
Eleven  weighings  of  columbic  acid  from  the  same  com- 
l>ound  make  Cb  =  96.16.  Other  experiments  on  sodium 
columbate  lead  Blomstrand  to  regard  95  as  the  most  prob- 
able value. 

Marignac  Tf  made  about  twenty  analyses  of  the  potassium 
fluoxycolumbate,  CbOF3.2KF.HaO.  100  parts  of  this  salt 
give  the  following  percentages : 

CbgOj Extremes  44.15  to  44.60    Mean,  44.36 

K,S04 "        57.60  «  58.05 

H,0 "  5.75  "    S.98 

Fu "        30.62  "  32.22 

♦  This  name  has  priority  over  the  more  generally*  accepted  "  niobium,"  and 
therefore  deserves  preference.  • 

f  Pog^end.  Anna!.,  104,  439.     1858.  « 
t  l^oggend.  Anna!.,  136,  353.     1869. 
II  Joum.  fUr  Prakt.  Chcm.,  68,  73.     1856. 
I  Acta  Univ.  Lund,  1864. 
^  Archives  des  Sci.  Phys.  et  Nat.,  (2,)  23,  258.     1865. 
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From  the  mean  percentage  of  CbjOj,  Cb  =  93.217.  If 
0  =  16,  this  becomes  93.431. 

From  the  mean  between  the  extremes  given  for  K^SO^, 
Cb  =  93.812.    If  0  =  16,  this  becomes  94.027. 

As  Deville  and  Troost's  *  results  for  the  vapor  density  of 
the  chloride  and  oxychloride  agree  fairly  well  with  Cb  = 
94,  we  may  adopt  this  value  as  approximately  correct. 


TANTALUM. 

The  results  obtained  for  the  atomic  weight  of  this  metal 
by  BerzeliuSjt  Rose,t  and  Hermann  ||  may  be  fairly  left  out 
of  account  as  valueless.  These  chemists  could  not  have 
worked  with  pure  preparations,  and  their  data  ajre  suffi- 
ciently summed  up  in  Becker's  "  Digest." 

Marignac§  made  four  analyses  of  a  pure  potassium  fluo- 
tantalate,  and  four  more  experiments  upon  the  ammomum 
salt.  The  potassium  compound,  KjTaF7  was  treated  with 
sulphuric  acid,  and  the  mixture  was  then  evaporated  to  dry- 
ness. The  potassium  sulphate  was  then  dissolved  out  by 
water,  while  the  residue  was  ignited  and  weighed  as  Ta^Oj. 
100  parts  of  the  salt  gave  the  following  quantities  of  Ta^iO^ 
andKjSO, : 

56.50  44-37 

56.75  44.35 

56.55  44.22 

56.56  44-24 


Mean,  56.59,  dr  .037  Mcaii,  44.295,  ±  .026 


*  Comptes  Rend.,  56,  891.     1863. 

t  Poggend.  Annal.,  4,  14.     1825.     Lehrbuch,  3,  1209. 

4  Poggend.  Annal.,  99,  80.     1856. 

II  Joum.  fiir  Prakt.  Chcm.,  70,  193.     1857. 

§  Archives  des  Sci.  Phys.  et  Nat.,  26,  89,  serie  2.     1866. 
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From  these  figures,  100  parts  of  K^SO^  correspond  to  the 
subjoixied  quantities  of  Ta^Og : 

127.338 
127.960 

128.178 

127.848 

Mean,  127.831,  d=  .120 

The  ammomum  salt,  (NH^)aTaF7,  ignited  with  sulphuric 
acid,  gave  these  percentages  of  Ta^Og.  The  figures  are  cor- 
x^cted  for  a  trace  of  KjSO^  which  was  always  present: 

63.08 

63.24 
^     63.27 

63.42 

Mean,  63.25,  dr  .047 

"B^eii^^  we  have  four  values  for  Ta : 

XS'roin  potassium  salt,  per  cent.  Ta,Oj Ta  =  183.033,  ±  .343 

KjSO^ "=  181.619,  ±:  .242 

KjSO^  :  TajOj "   =  182.361,  db  .411 

**      ammonium  salt,  per  cent.  Tafi^ "   =  182.149,  d:  .456 

General  mean ««   =  182.144,  ±  .166 

Or,  if  O  =  16,  Ta  =  182.562. 

If  we  assume  K  =  39,  0  =  16,  F  =  19,  S  =  32,  and  N= 
14;  the  percentage  of  K3SO4  from  KjTaF,  gives  Ta  = 
181.912 ;  and  the  analyses  of  the  ammonium  salt  make 
Ta  —  182.020.  Evidently,  182  is  not  far  from  the  true 
value. 


PLATINUM. 


For  this  metal  we  have  to  consider  only  experiments  by 
Berzelius,  by  Andrews,  and  by  Seubert.  In  an  early  paper 
Berzelius*  reduced  platinous  chloride,  and  found  it  to  con- 
tain   73.3  per  cent,  of  platinum.    Hence,  Pt  =  194.204,  a 


*  Poggend.  Annal.,  8,  177.     1826. 
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value  very  near  that  obtained  most  recently  by  Seubert.  In 
his  later  investigations,  Berzelius'*'  studied  the  potassium 
chloroplatinate,  KjPtCle.  6.981  parts  of  this  salt,  ignited 
in  hydrogen,  lost  2.024  of  chlorine.  The  residue  consisted 
of  2.822  platinum,  and  2.135  potassium  chloride.  From 
these  data  we  may  calculate  the  atomic  weight  of  platinum 
in  four  ways : 

1st.  From  loss  of  CI  upwn  ignition Pt  =  197.722 

2d.       "      weight  of  Pt  in  residue "  =  196.942 

3d.       "  "      KCl        "         j_"  =-196.215 

4th.      ««      ratio  between  KCl  and  Pt "  =  196.652 

* 

The  last  of  these  values  is  undoubtedlv  the  most  reliable, 
since  it  involves  no  errors  due  to  the  possible  presence  of 
moisture  in  the  salt  analyzed.  If  0  =  16,  the  value  be- 
comes Pt  =  197.104. 

The  work  done  by  Andrews  f  is  even  less  satisfactory  than 
the  foregoing^  for  the  r^pson  that  its  full  details  seem  never 
to  have  been  published.  Andrews  dried  potassium  chloro- 
platinate at  105°,  and  then  decomposed  it  by  means  of  zinc 
and  water.  The  excess  of  zinc  having  been  dissolved  by 
treatment  with  acetic  and  nitric  acids,  the  platinum  was 
collected  upon  a  filter  and  weighed,  while  the  chlorine  in 
the  filtrate  was  estimated  by  Pelouze's*  method.  Three 
determinations  gave  as  follows  for  the  atomic  weight  of 

platinum : 

197.86 

.  197.68 

198.12 

Mean,  197.887 

If  we  assume  that  these  values  were  calculated  with  K  = 
39  and  CI  =  35.5,  the  mean,  corrected  by  our  later  figures 
for  these  elements,  becomes  Pt  =  197.382.  If  O  =  16,  this 
becomes  Pt  =  197.836.  Unfortunately,  Andrews  does  not, 
in  his  brief  note  upon  the  subject,  indicate  the  manner  by 
which  his  calculations  were  made. 

*Poggend.  Annal.,  13,  468.     1828. 

f  Bntlsh  Association  Report,  1852.      Chem.  Gazette,  10,  380. 
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Latest  of  all  we  have  to  consider  the  experiments  of 
Seubert.*  This  chemist  prepared  very  pure  chloroplati- 
nates  of  ammonium  and  potassium,  and  from  their  compo- 
sition deduced  the  atomic  weight  of  the  metal  under  con- 
sideration. The  ammonium  salt,  (NH^),PtCle  was  analyzed 
by  heating  in  a  stream  of  hydrogen,  expelling  the  excess  of 
that  gas  by  a  current  of  carbon  dioxide,  and  weighing  the 
residual  metal.  In  three  experiments  the  hydrochloric  acid 
formed  during  such  a  reduction  was  collected  in  an  absorp- 
tion apparatus,  and  estimated  by  precipitation  as  silver 
chloride.  Three  series  of  results  are  given  for  the  percent- 
age of  platinum  in  this  salt,  together  with  another  single  re- 
sult -which  may  be  considered  alone.    Here  are  the  figures  - 

Series  /.  Series  II,  Series  III 

43-957  43871  43-990 

43.948  43876  43986 

43960  43872  44.001 

43946  43-881  44.020 

43963                               43875  43-994 

43.961                               43879  43996 

44.004 

Mean,  43.956,  ±.  .002  Mean,  43.876,  dr  .001  44.026 

43998 
Mean,  44.001,  ±  .003 

These  series  represent  three  preparations.  The  additional 
single  experiment  above  referred  to  was  made  with  material 
belonging  to  series  II,  but  recrystallized  from  water.  This 
salt  gave  43.955  per  cent,  of  platinum,  a  figure  to  which  we 
may  assign  the  probable  error  of  one  experiment  in  the 
first  series.  Combining,  we  get  the  subjoined  general  mean 
percenta^ge  of  Pt  in  (NH  J,PtCle : 

Series  I 43>956,  dr  .002 

"      II - - —  43876,  =b  .001 

•*      III 44.001,  d=  .003 

Extra  experiment 43'955»  =t  .004 

General  mean 43.907,  db  .0009 


*Ber.  der  Deutsch.  Chem.  Gesell.,  14,  865.     1881. 
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Hence  Pt  =  194.314,  ±  .078.  If  N  =  14,  and  CI  =  35.5, 
then  Pt  =  194.906.  Calculating  with  Stas'  values  for  N  and 
CI,  Seubert  gets  from  the  four  results  combined  above,  the  fol- 
lowing figures  for  Pt,  respectively :  194.685, 194.039, 195.034, 
194.665. 

For  the  chlorine  estimations  in  the  ammonium  salt  the 
subjoined  weighings  are  given  : 

SalL  Pi.  AgCl. 

2.7054  grm.  1.1871  grm.  5.2226  grm. 

2.2748    "  .9958    "  43758     " 

3.0822    "  1-3561     "  5*9496     " 

Hence  100  parts  of  AgCl  correspond  to  the  following 

quantities  of  salt  : 

51.802 

51.986  "" 

51.805 

Mean,  51.864,  dr  .041 

Hence,  calculating  directly  from  the  ratio  between  6 AgCl 
and  (NH4)aPtCle,  Pt  =  196.871,  ±  .363. 

Seubert  himself  reckons  the  percentage  of  chlorine  from 
the  weight  of  silver  chloride,  and  then  calculates  the  ratio 
between  Clj  and  Pt.  He  thus  finds,  with  Stas'  value  for  Cl^ 
R  =  195.330. 

The  potassium  salt,  KjPtCl,,  was  also  analyzed  by  igni- 
tion in  hydrogen,  treatment  with  water,  and  weighing  both 
the  platinum  and  the  potassium  chloride.  These  percent- 
ages were  found : 

Pt,  KCL 

40.119  30.706 

40.120  30.728 
40.076  30.698 
40.070  30.666 
40.107  30.700 
40.120  30.627 
40.114  30.710 
40.130  30.621 

Mean  40.107,  ±  .005  Mean,  30.682ndb  .009 

From  the  first  column Pt  =  194.370,  dr  .068 

"        second  "      "  =  194.645,  i  .213 
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If  K  =  39,  and  CI  =  35.5,  the  first  column  gives  Pt  = 
194.933.  Seubert,  from  the  percentage  of  platinum,  gets 
Pt  =  194.392 ;  and  from  the  ratio  2KGI :  Pt  he  finds  Pt  = 
194.494. 

As  with,  the  ammonium  salt,  three  experiments  were  made 
upon  the  potassium  compound  to  determine  the  amount  of 
chlorine  lost  upon  reduction  in  hydrogen.    I  cite  the  weigh- 
ings, and  add  in  a  fourth  column  the  quantity  of  KjPtClg 
proportional  to  100  parts  of  AgCl.    This  AgCl  represents 
hut  four  atoms  of  the  chlorine: 

Sa//.  Pt.  AgCL  Ratio. 

S.yjyi   grm.  2.7158  grm.  7.9725  grm.  85.006 

3.5834      "  1.4372     "  4.2270    «  84.774 

4..4139      "  1.7713     "  5-2144    "  84.648 

Mean,  84.809,  ±  .071 

^ence  Pt  =  195.002,  di  .415.  If  K  =  39,  Ag  =  108,  and 
<3V  =  35.5,  then  Pt  =  194.955.  Seubert,  calculating  the  per- 
centage of  chlorine  and  thence  the  ratio  CI  4  :  Pt,  gets  Pt  = 
194.631.  % 

Comhining  all  the  values  we  have  the  following  result 
for  the  atomic  weight  of  platinum : 

1.  From  per  cent.  Pt  in  (NHj^PtClj Pt  =  194.3U.  db  .078 

2.  "      6AgCl  :  (NHJjPtClj  ratio "  =  196.871,  ±  .363 

3.  •*      percent.  Pt  in  KjPtClj "  =  194.370,  ±  .068 


4. 


«(  « 


KCl        "         "=  194.645,  ±  .213 


5.       "      4AgCl  ;  KjPtCIj  ratio "  ==  195.002,  ±  .415 

General  mean "   —  194.415,  zb  .049 

Or,  if  O  =  16,  Pt  =  194.867. 

Seubert,  taking  the  arithmetical  mean  of  his  eight  values, 
jffets  pt  =  194.620.  He  regards,  however,  those  results  as 
best  wticb  are  dependent  upon  the  percentage  of  platinum 
in  the  ammonium  salt,  and  upon  the  complete  analysis  of 
the  potassium  compound.  These  give  him  a  mean  of  Pt  = 
194.461,  ^'bich,  if  corrected  by  reduction  to  a  vacuum  stand- 
ard, becomes  Pt  =  194.34. 

In  ^will  l)e  noticed  that  three  of  the  ratios,  calculated  with 
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K  =  39,  N  =  14,  Ag  =  108,  and  CI  =  35.5,  give  nearly 

Pt  =  195,  namely : 

194.906 

«94.933 
•    194.955 

The  general  mean  of  all,  if  0  =  16,  gives  Pt  =  194.867. 
Hence,  for  all  practical  calculations,  the  value  195  may  be 
safely  employed. 


OSMIUM. 

The  atomic  weight  of  this  metal  has  been  determined  by 
Berzelius  and  by  Fremy. 

Berzelius*  analyzed  potassium  osmichloride,  igniting  it 
in  hydrogen  like  the  corresponding  platinum  salt.  1.3165 
grammes  lost  .3805  of  chlorine,  and  the  residue  consisted  of 
.401  grm.  of  potassium  chloride,  with  .535  grm.  of  osmium. 
Calculating  only  from  the  ratio  between  the  Os  and  the  KCl, 
we  have,  Os  =  198.494 ;  or,  if  0  =  16,  Os  =  198.951. 

Fremy 's  determination  t  is  based  upon  the  composition  of 
osmium  tetroxide.  No  details  as  to  weighings  or  methods 
are  given ;  barely  the  final  result  is  stated.  This,  if  0  = 
15.9633,  is  Os  =  199.190.    If  0  =  16,  Os  =  199.648. 

Berzelius'  work  is  evidently  entitled  to  preference,  although 
neither  determination  is  in  any  sense  equal  to  the  present 
requirements  of  chemical  science.  The  values  given  are 
doubtless  several  units  too  high. 


IRIDIUM. 


The  only  early  determination  of  the  atomic  weight  of 
iridium  was  made  by  Berzelius,^  who  analyzed  potassium 
iridichloride  by  the  same  method  employed  with  the  plati- 
num and  the  osmium  salts.    The  result  found  from  a  single 

*Poggend.  Annal.,  13,  530.     1828. 

f  Compt.  Rend.,  19,  468.     Joum.  flir  Prakt.  Chem.,  ^^,  410.     1844. 

X  Poggend.  Annal.,  13,  435.     1828. 
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analysis  was  not  far  from  Ir  =  196.7.  This  is  now  known 
to  "be  too  high.  I  have  not,  therefore,  thought  it  worth 
nvlxile  to  recalculate  Berzelius'  figures,  but  give  his  estima- 
tion as  it  is  stated  in  Roscoe  and  Schorlemmer's  "  Treatise 
on  Cliemistry." 

In  1878  the  matter  was  taken  up  by  Seubert,*  who  had  at 

his  disposal  150  grammes  of  pure  iridium.    From  this  he 

prepared  the  iridichlorides  of  ammonium  and  potassium, 

(NH^),IrCIj  and  KjIrCle,  which  salts  were  made  the  basis 

of  his  determinations.     The  potassium  salt  was  dried  by 

gentle  heating  in  a  stream  of  dry  chlorine. 

Upon  ignition  of  the  ammonium  salt  in  hydrogen,  metal- 
h'c  iridium  was  left  behind  in  white  coherent  laminse.    The 
percentages  of  metal  found  in  seven  estimations  were  as  fol- 
lows: 

43-742 

43725 

43-745 

43.731? 
43726 

43.739 
43.705 


Mean,  43-732,  ±  .0035 

nriio   potassium  salt  was  also  analyzed  by  decomposition 

^j^  Yiydrogen  with  special  precautions.    In  the  residue  the 

•  ^^i^jixn  and  the  potassium  chloride  were  separated  after  the 

iisnal   method,  and  both  were  estimated.    Eight  analyses 

o^ve  the  following  results,  expressed  in  percentages  : 

39-881 

39-890 
39.868 

39.876 

39-877 

39.879 
39.882 

39883 
^{ean,  39880,  ±  .0015  30.820,  ±  .0037  29.291,  d:  .0024 

*Ber.  d.  Deutsch.  Chem.  Gesell.,  ii,  1767. 


2KCL 

C/4. 

30.829 

29.290 

30.842 

29.277 

30.813 

29.300 

30.835 

29.289 

30.825 

29.287 

30.811 

29.310 

30.814 

29.285 

30.792 

29.288 

30.820,     ->r-    .0037 

29.291, 

tt 
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From  these  data  several  values  for  the  atomic  weight  of 
iridium  may  be  calculated : 

From  per  cent.  Ir  in  (NHJ,IrCl^ Ir  =  192.951,  dz  .064 

'*      KJrCl^ "  =  192.536,  dr  .060 

KCl  in  "       __ "  =  192.474,  d=  .1x1 

Cl^  in     «       ..."  =  192.757.  zfc  .I4« 

General  mean "  =  192.702,  zfc  .039 

If  0  =  16,  this  becomes  Ir  =  193.145. 

In  the  potassium  salt,  instead  of  calculating  from  the  per- 
centages directly,  we  may  reckon  upon  the  ratios  between 
Ir  and  CI 4,  and  between  Ir  and  2KC1 : 

From  Ir  :  Cl^  ratio Ir  —  192.626,  db  .081 

"      Ir:2KClratio _ •*  =  192.514,  d=  .044 

General  mean "  =  192.539,  ^t  .039 

Or,  if  0  =  16,  Ir  =  192.982. 

Again,  we  may  combine  this  mean  with  the  value  derived 
from  the  ammonium  iridichloride,  and  so  estimate  the  re- 
lative importance  of  the  latter  : 

From  KjIrClg _ Ir  =  192.539,  d=  .039 

"      (NH^yrC], "  =  193.95 '>  =b  .064 

General  mean *•  =  192.651,  it  .033 

If  0  =  16,  this  becomes  Ir  =  193.094. 

We  may  assume,  then,  from  all  the  facts  before  us,  that  il 
O  =  16,  the  atomic  weight  of  iridium  varies  from  the  even 
number  193  only  within  the  limits  of  experimental  error. 


PALLADIUM. 


The  atomic  weight  of  palladium^has  been  studied  by  Ber- 
zelius  and  by  Quintus  Icilius.  In  an  early  paper  Berzelius* 
found  that  100  parts  of  the  metal  united  with  28.15  of  sul- 
phur. Hence  Pd  =  113.63,  a  result  which  is  unquestionably 
far  too  high. 


*  Poggend.  Annal.,  8,  177.     1826. 
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In  a  later  paper*  Berzelius  published  two  analyses  of 
potassium  palladiochloride,  KaPdCl^.  The  salt  was  decom- 
posed by  ignition  in  hydrogen,  as  was  the  case  with  the 
double  chlorides  of  potassium  with  platinum,  osmium,  and 
iridium.  Reducing  his  results  to  percentages,  we  get  the 
following  composition  for  the  substance  in  question : 

Pd,  2KCL  c/,. 

32.726         46.044         21.229 

32.655  45-741  21.604 


Mean,  32.690  45-^92  21.416 

From  these  percentages,  calculating  directly,  very  dis- 
cordant results  are  obtained : 

From  percentage  of  metal Pd  =  106.612 

KCl "  =  104.674 

"  Cl„  (loss) "   =  110.796 


Obviously,  the  only^  way  to  get  satisfactory  figures  is  to 
calculate  from  the  ratio  between  the  Pd  and  2KC1.  Doing 
this,  we  get,  Pd  =  105.737 ;  or,  if  0  =  16,  Pd  =  105.981. 

This  last  value  varies  so  slightly  from  the  even  number 
106  that  the  latter  may  be  safely  used  for  all  purposes  of 
chemical  calculation. 

The  determination  made  by  Quintus  Icilius*  need  be 
given  only  for  the  sake  of  completeness.  He  ignited  potas- 
sium palladichloride  in  hydrogen,  and  found  the  following 
amounts  of  residue.    His  weights  are  here  recalculated  into 

percentages : 

^  64.708 

64.965 
64.781 


Mean,  64.818 

From  this  mean,  Pd  =  111.879.    Upon  looking  at  the 
values  deduced  from  Berzelius'  figures,  it  will  be  seen  that 

*  Poggend.  Annal.,  13,  454.     1828. 

f «« I>ie  Atomgewichte  vom  Pd,  K,  CI,  Ag,  C,  und  H,  nach  der  Methode  der 
,  J  j-,5(gfi  Quadrate  berechnet."  Inaog.  Diss.  Gdttingen,  1847.  Contains  no 
other  original  anolyses. 
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the  highest,  110.796,  is  calculated  from  the  chlorine  lost 
upon  igniting  the  palladiochloride.  The  same  kind  of 
error  which  vitiates  that  result  probably  affects  also  these 
data  drawn  from  the  palladiochloride. 


RHODIUM. 

Berzelius*  determined  the  atomic  weight  of  this  metal 
by  the  analysis  of  sodium  and  potassium  rhodiochlorides, 
NajRhCl,,  and  KaRhCls.  The  latter  salt  was  dried  by 
heating  in  chlorine.  The  compounds  were  analyzed  by  re- 
duction in  hydrogen,  after  the  usual  manner.  Reduced  to 
percentages  the  analyses  come  out  as  follows : 

In  Na^RhCl^, 

Rk,  jNaCl.  Cl^. 

26.959  45853  27.189 
27.229  45-301  27.470 
— ■• 27.616 

Mean,  27.094  45-577  

27.425 

In  K^RhCly 

Rh.  2KCL  a^ 

28.989  41-450  29.561 

From  the  analyses  of  the  sodium  salt  we  get  the  following 
values  for  Rh : 

From  per  cent,  of  metal Rh  =  104.507 

"  "  NaCl  — —  "   =  102.980 

<«  ««  CI3 "    =105.696 

"     ratio  between  Clj  and  Rh "    =  104.829 

"  "         NaCl       "       "   =  104.093 

These  are  discordant  figures,  and  indicate  some  doubt  as 
to  purity  of  material.  The  last  value  is  fairly  good,  how- 
ever, and  is  confirmed  by  results  from  the  potassium  com- 
pound : 

*  Poggend.  Annal.,  13,  435.     1828. 
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From  per  cent,  of  metal Rh  =  104.054 

KCl "   =  104.046 

Qj "   =  104.065 

Rh  :  Clj  ratio "   =  104.057 

Rh  :  KCl  ratio "    =  104.051 


<«  tt 


Mean "  =  104.055 

If  O  ^  16,  this  becomes  Rh  =  104.285. 


RUTHENIUM. 


Tlie  atomic  weight  of  this  metal  has  been  determined 
only  by  Clans.'?'  Although  he  employed  several  methods^ 
the  only  results  worthy  of  present  notice  come  from  the 
analysis  of  potassium  rutheniochloride,  KaRuClj.  The 
salt  Tvas  dried  by  heating  to  200°  in  chlorine  gas,  but  even 
then  retained  a  trace  of  water.  The  percentage  results  of 
analysis  are  aa  follows : 

28.96  40.80  30.24 

28.48  '      41.39  30.22 

28.91  41.08  30.04 


Mean,  28.78  41.09  30.17 

Reckoning  directly  from  the  percentages  we  get  the  fol- 
lowing discordant  values  for  Ru : 

From  percentage  of  metal - Ru  =  103.016 

KQ "   =107.190 

01, «   =    96.854 


Obviously,  the  best  result  is  to  be  obtained  from  the  ratio 
between  Ru  and  2KC1.  *  This  gives  Ru  =  104.217 ;  or,  if 
Q  =  16,  Ru  =  104.457.  But  little  weight  can  be  attached 
to  this  determination. 


*  Joum.  fiir  Prakt.  Chem.,  34,  435.     1845. 
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ON  DUMAS*  CORRECTION  AND  PROUT'S  HYPOTHESIS. 

In  the  year  1815  Prout  put  forth  his  famous  hypothesis 
that  the  atomic  weights  of  all  the  elements  were  multiples 
of  that  of  hydrogen.  His  views  were  adopted  by  many 
chemists,  but  opposed  by  others;  among  them  Berzelius 
and  Turner ;  and  down  to  the  present  day  "  Prout's  Law  " 
has  been  the  subject  of  earnest  controversy.  Of  course  the 
fact  was  early  recognized  that  in  its  original  form  the  hy- 
pothesis could  not  stand,  and  accordingly  it  was  modified 
by  Dumas  in  such  manner  that  half  and  quarter  multiples 
of  the  atomic  weight  of  hydrogen  were  considered  as  well 
as  the  whole  numbers. 

But  of  late  years  Front's  hypothesis,  even  with  its  elastic 
modification,  has  been  in  disfavor.  Only  a  few  chemists  still 
clung  to  it  as  the  representative  of  a  veritable  law.  The 
researches  of  Stas  were  especially  directed  towards  ascertain- 
ing its  truth  or  falsity ;  and  his  results,  as  well  as  those  ob- 
tained by  Marignac,  were  such  as  to  lead  most  chemists  to 
the  belief  that  it  had  been  forever  overthrown.  The  Atomic 
weights  determined  by  Stas  agreed  neither  with  whole,  half, 
nor  quarter  multiples  of  that  of  hydrogen,  and  the  varia- 
tions seemed  to  be  wholly  outside  the  range  of  recognizable 
experimental  errors. 

In  1878,  however,  a  probable  source  of  error  in  some  of 
Stas'  researches  was  pointed  out  by  Dumas.*  Many  of  Stas' 
ratios  had  involved  the  use  of  pure  metallic  silver,  which 
had  been  fused  under  a  cover  of  borax  containing  a  little 
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nitre.  Such  silver  Dumas  heated  to  redness  in  a  Sprengel 
vacuum,  and  found  that  it  gave  up  weighable  quantities  of 
oxygen,  which  had  been  absorbed  by  the  metal  when  in  the 
melted  state.  In  one  experiment  a  kilogramme  of  silver 
gave  82  milligrammes  of  occluded  gas,  and  in  three  other 
cases  226, 140,  and  249  milligrammes  respectively  were  found. 
In  other  words,  the  silver  which  had  been  considered  pure 
by  Stas  and  others,  was  really  not  pure,  and  a  correction 
became  necessary  in  nearly  all  series  of  atomic  weight  de- 
terminations. 

The  amount  of  this  correction,  which  I  think  may  here- 
after be  appropriately  designated  as  "Dumas*  correction/' 
will  naturally  vary  in  diflferent  cases,  and  in  no  particular 
case  can  we  tell,  without  actual  examination  of  the  silver 
employed,  exactly  how  great  it  should  be.  We  may,  how- 
ever, assume  that  all  the  metallic  silver  heretofore  used  in 
establishing  atomic  weight  ratios  was  subject  to  it;  and, 
reckoning  from  the  largest  error  indicated  in  the  experi- 
ments of  Dumas,  namely,  249  milligrammes  of  oxygen  in 
the  kilogramme  of  metal,  we  may  ascertain  its  tendency 
with  reference  to  Front's  law. 

In  the  chapter  upon  the  atomic  weights  of  silver,  chlorine, 
bromine,  iodine,  potassium,  sodium,  and  sulphur,  twenty 
ratios  are  given,  of  which  nine  are  subject  to  Dumas'  cor- 
rection. Applying  it  as  suggested  above,  we  get  the  follow- 
ing results.  The  values  previously  found  and  given  in  the 
chapter  just  quoted,  we  may  designate  as  uncorrected.  For 
convenience  in  future  reference  I  assume  that  0  =  16 : 

Uncorrected.  Corrected.  Difference. 

Silver 107.923  107.896  — .027 

Chlorine— 35-45^  35-478  +.027 

Bromine 79*951  79-978  -f  -027 

Iodine 126.S48  126.875  4"  -027 

Potassium 39-109  39-083  — .026 

Sodium 23.051  23.024  — .027 

Sulphur 32.058  32.058             

The  result  of  the  correction,  it  will  be  seen,  is  generally 
favorable  to  Front's  hypothesis.     Of  the  seven  elements 
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under  consideration,  one  has  its  atomic  weight  unaflFected, 
one  is  rendered  less  in  accord  with  the  hypothesis,  and  five 
approx:imate  more  closely  than  before  to  even  multiples  or 
multiples  half  of  hydrogen. 

In  the  later  chapters  of  this  work  the  effect  of  Dumas' 
correction  is  generally  less  striking.  One  general  state- 
ment, however,  may  be  made  concerning  it.  Whenever  the 
atomic  weight  of  a  metal  is  calculated  from  the  ratio  between 
its  haloid  salts  and  metallic  silver,  the  total  effect  of  Dumas' 
correction,  including  the  above  corrections  for  the  halogens 
themselves,  will  be  to  lower  the  final  result.  This  point  will 
he  further  considered  presently.  Only  chlorine,  bromine, 
and  iodine  have  their  atomic  weights  raised  by  the  correc- 
tion. 

In  view  of  Dumas'  correction  the  question  naturally  arises 
as  to  how  far  other  metals,  used  in  atomic  weight  researches, 
may  occlude  gaseous  impurities.  For  example,  when  the 
atomic  weight  of  oxygen  is  fixed  by  the  synthesis  of  water 
over  copper  oxide,  may  not  the  copper  occlude  appreciable 
quantities  of  the  hydrogen  in  which  it  cools  ?  If  it  does, 
then  the  apparent  weight  of  metallic  copper  would  be  too 
high,  and  the  atomic  weight  of  oxygen  would  come  out  too 
low.  Such  an  error  might  possibly  account  for  the  differ- 
ence between  16  and  15.9633  in  the  atomic  weight  of  oxygen, 
and  it  would  also  increase  the  atomic  weight  of  copper  as 
determined  by  the  same  process.  At  all  events,  every  metal 
of  which  the  atomic  weight  has  been  determined  by  the  re- 
duction of  its  compounds  in  hydrogen,  ought  to  be  scrupu- 
lously investigated  with  reference  to  the  possible  occlusion 
of  gaseous  impurities.  With  all  of  these  metals  the  effect 
of  such  impurities  would  be  to  render  the  apparent  atomic 
T^reights  decidedly  too  high. 

Although  every  series  of  atomic  weight  determinations 
must  be  considered  by  itself,  and  weighed  on  its  own  merits, 
it  may  not  be  out  of  place  for  me  just  here  to  point  out  two 
general  sources  of  error  in  addition  to  the  one  we  have  been 
considering.  First,  every  value  after  oxygen,  with  one  or 
two  partial  exceptions,  involves  whatever  error  may  attach 
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to  the  atomic  weight  of  oxygen.  If  the  latter  be  16,  instead 
of  15.9633,  this  error  in  some  instances  becomes  multiplied 
to  a  large  fraction  of  a  unit,  as  the  subjoined  example  will 
show. 

If  O  =  1 6,  the  atomic  weight  of  uranium  =  239.030 
If  O  =  15.9633,  "  ••  =  238.482 


Difference 0.548 

Other  similar  errors  are  repeated  continually.  The  value 
assigned  to  any  element  is  necessarily  aCTected  by  whatever 
errors  may  attach  to  the  atomic  weights  of  those  other  ele- 
ments through  whose  medium  it  is  compared  with  the 
standard,  hydrogen.  Thus,  the  atomic  weight  of  carbon 
depends  upon  that  of  oxygen ;  calcium  depends  upon  both 
carbon  and  oxygen ;  and  fluorine,  as  determined  from  cal- 
cium fluoride,  involves  the  foregoing  elements,  together  with 
sulphur,  silver,  and  chlorine.  Since,  however,  some  atomic 
weights  are  affected  by  plus  errors  and  others  by  minus 
errors,  there  is  a  fortunate  tendency  to  compensation  of 
errors  in  cases  like  that  of  fluorine,  and,  in  reality,  better 
results  are  obtained  than  considerations  such  as  these  would 
lead  us  to  look  for. 

Another  general  source  of  error  is  to  be  found  in  the  fact 
that  some  of  the  weighings  involved  in  our  discussions  bad 
been  reduced  to  absolute  standards,  while  others  were  merely 
uncorrected  weighings  in  air.  The  errors  thus  introduced 
into  the  work  are  doubtless  small,  but  still  they  ought  not  to 
be  absolutely  ignored. 

Now,  having  considered  the  larger  classes  of  errors,  we 
may  properly  pass  on  to  a  comparison  of  our  atomic  weights 
with  reference  to  Front's  hypothesis.  In  order  to  facilitate 
work,  I  have  tabulated  the  figures  in  two  columns,  one 
giving  atomic  weights  referred  to  hydrogen  as  unity,  the 
other  based  upon  the  standard  of  oxygen  as  exactly  sixteen. 
Such  imperfectly  known  elements  as  decipium,  philippium, 
samarium,  terbium,  and  thulium  are  not  included. 
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TABLE  OF  ATOMIC  WEIGHTS. 


H=  I. 

0—  16. 

Remarks. 

Ainminiim 

27.009,    =b  .003 

27.075 

Antimony 

"9-955»    :±=  -036 

120.231 

Cooke's  and  Schneider's  data. 

Arsenic 

74.918,    dt  .016 

75.090 

Barium 

I36.763»    =fc   031 

137.007 

Bismuth 

207.523,    dti  .082 

208.001 

From  Schneider's  data. 

Boron 

10.941,    dr  .023 

10.966 

Bromine 

79-768,    dr  .019 

79-951 

Cadmium 

111-835,    zh  'O24 

112.092 

Caesium 

I32.5S3»    =t  -024 

132.918 

Calcium 

39.990,    =fc  .010 

40.082 

Carbon 

11.9736,  ±  .0028 

12.0011 

Cerium 

140.424,    ifc  .017 

140.747 

Buehrig's  data  give  141.523. 

m 

(O  —  16.) 

Chlorine 

35.370,      ±  .014 

35-451 

_ 

Chromium 

52.009,      ±  .025 

52.129 

From  Siewert's  data. 

Cobalt 

58.887,      =h  .008 

59-023 

Columbium 

93.812 

94-027 

From  one  ratio  only. 

Copper 

63.173,    dl.OII 

63.318 

Didymium 

144-573.    ±  -03* 

144.906 

Cleve's  data   give    147.021. 
(SO,  =  80.) 

Erbium 

165.891 

166.273 

From  Cleve's  data  only. 

Fluorine 

18.984,    zfc  .0065 

19.027 

Gallium' 

68.854 

68.963 

Imperfectly  determined. 

Glucinum 

9.085,    rb  .0055 

9.106 

Nilson  and  Pettersson's  data. 

Gold 

I96.i55»    ±:  -095 

I.OOOO 

196.606 

Hydrogen 

1.0023 

Indium 

"3-398,     ±:  .047 

"3-659 

Iodine 

126.557,    rfc  .022 

126.848 

Iridmm 

192.651,    ±  .033 

193.094 

Seubert's  data. 

Iron 

55-913,     i  '012 

56.042 

Lanthanum 

138.526,     dtz  .030 

138.844 

Lead 

206.471,     zh  .021 

206.946 

Lithium 

7.0073,  zh  .007 

7.0235 

Magnesium 

23-959,     ±  .005 

24.014 

Marchand  and  Scheerer's  data. 

Manganese 

53-906,     rt  .012 

54.029 

Schneider  and  Rawack's  data. 

Mercury 

199-7^2,     lb  .042 

200.171 

Molybdenum  »_ 

95-527,    db  .051 

95-747 

Nickel 

57-928,     ±  .022 

58.062 

Schneider,  Sommaruga,  and 

( 

Lee. 

Nitrogen 

14.0210,  zb  .0035 

14.029 

Osmium.  « 

198.494 

198.951 

Very  doubtful. 

Oxygen  

«5-9633»  ±  -0035 

16.000 

Palladium 

105.737 

105.981 

Badly  determined. 

Phosphorus 

30.958,    =t  .007 

31.029 

Platinum 

I94.4i5»    ±  -049 

194.867 

Sieubert's  data. 

Potassium 

39-019.    dt  .012 

39.109 

Rhodium 

104.055 

104.285 

Badly  determined. 

Rubidium - 

85.251,    ifc  .018 

85.529 

Ruthenium 

104.217 

104.457 

Badly  determined. 

Scandium 

43-980,    =b  .015 

44.081 

Selenium 

78.797.    =fc  -oil 

78.978 
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TABLE  OF  ATOMIC  WEIGHTS— Continued. 


H^i. 

0=16. 

Remarks. 

Silicon 

28.195,    ztz  .066 

28.260 

Very  badly  determined. 

Silver- 

107.675,    ±  .0096 
22.998,    rb  .Oil 

107.923 
23.051 

Sodium 

Strontium 

87.374,    =h  .032 

87.57s 

Sulphur 

31.984,    rh  .012 

32.058 

Tantalum 

182.144,    dc  4I66 

182.562 

Tellurium 

127.960.    dr  .034 

128.254 

Imperfectly  determined. 

Thallium 

203.7I5»    ±  -0365 

204.183 

Crookes'  data. 

Thorium 

233-4I4»    ±  .073 

233.951 

Tin 

117.698,    zt  .040 

117.968 

Titanium 

49846,    ifc  .064 

49.961 

Imperfectly  determined. 

Tungsten 

183.610,    zh  .032 

184,032 

Uranium 

238.482,    =b  .082 

239.030 

Vanadium 

51.256,    =fc  .024 

51373 

Ytterbium 

172.761,    ±  .038 

1 73- 1 58 

If  SO,  —  80,  Yb  —  173.016. 
Doub&l. 

Yttrium 

89.816,    ±  .067 

90.023 

Zinc -. 

64.9045»  i  .019 

65.054 

Axel  Erdmann's  data. 

Zirconium  . 

89.367,    ±.037 

89.573 

Doubtful. 

At  the  close  of  his  admirable  paper  on  the  atomic  weight 
of  aluminum  Mallet  makes  substantially  the  following  ar- 
gument in  favor  of  Front's  hypothesis.  Citing  the  atomic 
weights  of  eighteen  elements  which  he  considers  weU  deter- 
mined, he  shows  that  ten  oi  them  have  values  falling  within 
one-tenth  of  a  unit  of  whole  numbers.  Now,  what  is  the 
mathematical  probability  that  this  close  approximation  to 
conformity,  with  Front's  law,  in  ten  cases  out  of  eighteen,  is 
purely  accidental,  as  those  chemists  who  reject  the  hypoth- 
esis seem  to  hold  ?  Working  this  problem  out,  Mallet  finds 
the  probability  in  favor  of  mere  coincidence  to  be  in  the 
ratio  of  1  :  1097.8,  and  hence  he  concludes  that  Front's 
views  are  still  worthy '  of  respectful  consideration. 

Applying  Mallet's  reasoning  to  the  table  of  atomic  weights 
now  before  us,  we  find  that  in  the  first  column,  when  H  =  1, 
twenty-five  elements  out  of  sixty-six  have  values  falling 
within  the  limits  of  one-tenth  of  a  unit  variation  from  whole 
numbers.  But  many  of  the  figures  which  fall  without  this 
limit  involve  the  variation  of  oxygen  multiplied  many  times 
over.  We  must  therefore  study  the  second  column,  which 
assumes  that  the  atomic  weight  of  oxygen  is  exactly  six- 
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teen.  Here  we  have  forty  elements  falling  within  the  limit 
of  variation  assigned  by  Mallet,  and  twenty-six  falling 
without.  The  variations  we  may  property  study  in  some 
detail. 

Taking  first  the  elements  whose  atomic  weights  vary  from 
even  multiples  of  unity  by  less  than  a  tenth  of  a  unit,  we 
have  to  consider  the  following :  aluminum,  arsenic,  bariimi, 
bismuth,  boron,  bromine,  cadmium,  caesium,  calcium,  carbon, 
cobalt,  columbium,  didymium,  fluorine,  gallium,  hydrogen, 
iridium,  iron,  lead,  lithium,  magnesium,  manganese,  nickel 
nitrogen,  osmium,  oxygen,  palladium,  phosphorus,  scan- 
dium, selenium,  silver,  sodium,  sulphur,  thorium,  tin,  tita- 
nium, tungsten,  uranium,  yttrium,  and  zinc.  Of  these, 
aluminum,  arsenic,  barium,  bismuth,  cadmium,  calcium, 
carbon,  cobalt,  columbium,  fluorine,  hydrogen,  iridium,  iron, 
lithium,  magnesium,  manganese,  nickel,  nitrogen,  phos- 
phorus, scandium,  sodium,  sulphur,  tungsten,  uranium, 
yttrium,  and  zinc  have  plus  variations,  while  boron,  bro- 
mine, caesium,  didymium,  gallium,  lead,  osmium,  palla- 
dium, selenium,  silver,  thorium,  tin,  and  titanium  fall 
slightly  under  the  units  to  which  they  approximate.  Oxy- 
gen, as  the  standard  of  comparison,  of  course  shows  here 
no  variation,  its  possible  error  having  been  transferred  to 
hydrogen. 

Of  the  foregoing  elements  it  will  be  seen  that  twenty-six 
have  plus  variations  from  whole  numbers,  while  thirteen 
are  minus.  Among  the  latter,  boron,  gallium,  osmium,  pal- 
ladium, thorium,  and  titanium  have  been  but  roughly  deter- 
mined. Bromine,  by  Dumas'  correction,  has  its  variation 
diminished.  In  the  cases  of  lead,  caesium,  selenium,  and 
tin,  the  cause  of  variation,  supposing  one  to  exist,  remains 
to  be  determined.  The  value  for  osmium  is  undoubtedly 
several  units  too  high,  so  that  its  agreement  with  Front's 
law  may  be  considered  purely  accidental.  As  for  didym- 
ium, the  figure  assigned  is  the  mean  of  all  determinations ; 
whereas  Cleve's  data,  calculated  with  SO3  =  80,  make  Di  = 
147.021,  a  variation  which,  like  most  of  the  others,  is  far 
within  the  limits  of  ordinary  experimental  error.     In  the 
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case  of  silver  it  has  already  been  shown  that  Dumas'  cor- 
rection is  unfavorable  to  it  considered  in  its  bearings  upon 
Front's  law.  Silver  is  the  only  element  among  those  having 
minus  ^nations  which  could  carry  very  much  weight 
against  the  hypothesis. 

Among  the  elements  whose  variations  are  plus,  colum- 
bium,  uranium,  and  yttrium  have  been  poorly  determined. 
Yttrium  especially  may  be  considered  doubtful.  The  atomic 
weights  of  aluminum,  arsenic,  barium,  cadmium,  lithium, 
phosphorus,  and  sodium  involve  Dumas'  correction  to  a 
greater  or  less  extent,  and  will  be  lowered  by  its  application, 
that  is,  brought  nearer  to  whole  numbers.  For  aluminum, 
certain  other  causes  for  variation  were  pointed  out  in  the 
chapter  upon  that  metal;  and  it  may  be  noted  that  the 
direct  ratio  between  it  and  hydrogen  gives  Al  =  27.998^ 
db  .007.  Here  the  variation  is  less  than  the  probable  error. 
For  calcium,  and  consequently  for  fluorine  also,  sources  of 
plus  error  were  indicated  in  the  discussion  of  their  respective 
atomic  weights,  and  reiteration  here  is  unnecessary.  Cobalt, 
iridium,  iron,  nickel,  and  tungsten  all  involve  such  errors 
as  may  arise  from  the  possible  occlusion  of  hydrogen  by  the 
metals  after  reduction  from  their  compounds.  For  scan- 
dium, the  atomic  weight,  calculated  with  SO,  =  80,  becomes 
44.032,  a  variation  much  within  the  limits  of  experimental 
error.  For  carbon  and  bismuth  the  variations  are  insignifi- 
cant. In  short,  in  the  majority  of  instances  the  errors  may 
be  diminished  by  corrections  which  are  in  all  probability 
needed,  and  which  can  be  easily  pointed  out.  The  more 
carefully  we  scrutinize  the  data  the  more  probable  Front's 
hypothesis  appears. 

Among  the  twenty-six  elements  whose  atomic  weights  are 
removed  by  more  than  a  tenth  of  a  unit  from  whole  num- 
bers, chlorine,  rubidium,  and  strontium  have  values  nearly 
half  multiples  of  that  of  hydrogen,  and  in  each  case  Dumas' 
correction  will  make  the  approximation  still  closer.  Erbium, 
gold,  indium,  lanthanum,  rhodium,  ruthenium,  silicon,  and 
zirconium  may  be  dismissed  from  consideration  as  too  im- 
perfectly determined  to  carry  much  weight  in  the  present 
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discussion.  For  chromium,  copper,  molybdenum,  and  vana- 
dituu  I  liave  no  criticisms  to  offer ;  but  the  remaining  ele- 
ments may  be  considered  individually. 

Tlie  value  assigned  to  antimony,  120.231,  is  the  general 
mean  of  Cooke's  and  Schneider's  work  upon  the  bromide, 
iodide,  and  sulphide.  If  Ag  =  108,  Br  =  80,  and  I  =  127, 
Cooke's  data  for  the  bromide  and  iodide  give  the  following 
values  for  Sb,  all  of  which  fall  within  a  tenth  of  a  unit  of 
the  wliole  number  120 : 

Early  bromide  series Sb=  119.901 

Late  "  **  =120.009 

Iodide  series . "   =  119.973 

In  tlie  case  of  cerium,  the  value  assigned  in  the  table  is 
the  general  mean  of  all  reputable  determinations.  But  it  is 
subject  to  doubt  on  account  of  the  facts  observed  by  Wolf 
and  by  Wing,  whose  ceroso-ceric  oxide  was  white,  while 
that  of  all  other  observers  was  yellowish.  Wolf's  and 
Wring's  data,  calculated  with  O  =  16,  give  Ce  =  138.039. 
Cerium,  then,  is  not  an  established  exception  to  Front's  law. 

Glucinum  and  ytterbium  have  their  atomic  weights  cal- 
culated from  analyses  of  the  sulphates.  But  if  Front's  law 
is  true,  SO,  =  80.  Calculated  with  this  figure,  we  have 
Gl  =  9.096  and  Yb  =  173.016.  Both  elements  thus  fall 
ijvlthin  reasonable  limits  of  variation  from  the  hypothetical 
values. 

Iodine  is  one  of  the  most  important  seeming  exceptions. 
If  ^we  assume  Ag  =  108,  and  calculate  the  atomic  weight  of 
iodine  only  from  the  direct  ratio  between  iodine  and  silver, 
\re  have,  with  Dumas'  correction  applied,  I  =«=  126.966; 
tbat  is,  it  comes  within  one-tenth  of  a  unit  of  the  whole 
number  127. 

The  atomic  weight  of  mercury  depends  upon  analyses  of 
the  chloride,  oxide,  and  sulphide.  Of  these  three  com- 
pounds the  purity  of  the  chloride  is  most  easily  assured. 
Calculated  from  its  composition,  with  CI  =  35.5,  Hg  = 
199.971.  With  so  high  an  atomic  weight  small  errors  are 
easily  multiplied. 
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For  the  atomic  weight  of  platinum  Seubert's  data  give 
five  values,  ranging  both  above  and  below  the  round  number 
195.  Calculated  with  integer  values  for  the  other  elements^ 
three  of  these  figures  fell  very  close  to  195,  as  follows : 

From  per  cent.  Pt  in  (NH4),Ra^ Pt  =  194.906 

K,PtCl^ «  =  194.933 

From  chlorine  estimation  in  K,PtCl^..  **  =  194.955 

Potassium  is  the  most  serious  exception  of  all.  But  if 
0  =  16  and  Dumas'  correction  be  applied,  the  general  mean 
from  all  the  available  data  becomes  K  =  39.083.  That  is, 
potassium  falls  within  the  limit  of  0.1  variation. 

The  atomic  weight  assigned  to  tantalum  is  the  mean  of 
four  values.  Two  of  these,  recalculated  with  integers,  come 
out  as  follows : 

From  per  cent.  KjSO^  in  KjTaF^.. Ta  =  181.912 

"  TajOj  from  (NH4),TaF, «   =  182.020 

For  tellurium  I  need  only  call  attention  to  the  discrepan- 
cies between  the  several  sets  of  determinations  made  by 
Wills.  A  reference  to  the  chapter  on  tellurium  will  show 
that  his  figures  give  results  ranging  from  Te  =  126.07  to 
Te  =  129.34.  The  mean  value  is  therefore  too  much  sub- 
ject to  doubt  to  carry  weight  as  an  exception. 

As  for  thallium,  the  last  case  to  be  considered,  I  have 
already  shown  that  Crookes'  data,  recalculated  with  integer 
values  for  N  and  0,  give  Tl  =  204.008.  That  is,  instead  of 
an  exception,  we  have  here  an  admirable  instance  in  sup- 
port of  Front's  hypothesis. 

Enough  has  been  said  in  this  brief  resume  to  show  that 
none  of  the  seeming  exceptions  to  Front's  law  are  inexpli- 
cable. Some  of  them,  indeed,  carefully  investigated,  sup- 
port it  strongly.  In  short,  admitting  half  multiples  as 
legitimate,  it  is  more  probable  that  the  few  apparent  excep- 
tions are  due  to  undetected  constant  errors,  than  that  the 
great  number  of  close  agreements  should  be  merely  acci- 
dental.   I  began  this  recalculation  of  the  atomic  weights 
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^wdtli  CL  Strang  prejudice  against  Prout's  hypothesis,  but  the 
facts  as  tliey^  came  before  me  have  forced  me  to  give  it  a 
very  resp^eotful  consideration.  All  chemists  must  at  least 
admit  that  the  strife  over  it  is  not  yet  ended,  and  that  its 
oppooexit^s  oannot  thus  far  claim  a  perfect  victory. 
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PREFACE. 


The  present  catalogue  embraces  all  the  articles  published  by  the  Smith- 
sonian Institution  from  its  organization  in  1846  to  the  first  of  July,  1882,  a 
period  of  thirty-six  years. 

At  the  b^inning  nothing  was  issued  but  pamphlets  explanatory  of  the 
plan  of  the  Institution  and  brief  annual  reports  of  the  proceedings  of  the 
Board  of  Regents,  indicated  in  the  catalogue  by  the  letters  A,  B,  C,  D,  E,  F, 
G,  H,  I,  J,  K,  L,  M,  N,  O,  Q.  An  elaborate  work,  (P  in  the  catalogue),  by 
Robert  Dale  Owen,  on  public  architecture,  with  special  reference  to  the 
plans  of  the  Smithsonian  Institution,  prepared  on  behalf  of  the  Building 
Committee,  was  printed  at  the  expense  of  the  Institution  in  1849,  but  did 
not  form  part  of.  the  regular  series  organized  by  the  Secretary  of  the  Institu- 
tion, Prof.  Henry. 

1.  Smithsonian  Contributions  to  Knowledge. 

The  series  entitled  "  Smithsonian  Contributions  to  Knowledge,"  in  quarto 
form,  was  commenced  in  1848  by  the  publication  of  Squier  and  Davis' 
Ancient  Monuments  of  the  Mississippi  Valley.  The  following  "Advertise- 
ment" of  the  first  volume,  prepared  by  Prof.  Henry,  has  been  inserted  in 
ever}'  succeeding  volume  to  indicate  the  character  and  design  of  the  series : 

"  This  volume  is  intended  to  form  the  first  of  a  series  of  volumes,  consist- 
ing of  original  memoirs  on  different  branches  of  knowledge  published  at  the 
expense  and  under  the  direction  of  the  Smithsonian  Institution.  The  publi- 
cation of  this  series  forms  part  of  a  general  plan  adopted  for  carrying  into 
effect  the  benevolent  intentions  of  James  Smithsou,  Esq.,  of  England.  This 
gentleman  left  his  property  in  trust  to  the  United  States  of  America  to  found 
at  Washington  an  institution  which  should  bear  his  own  name,  and  have  for 
its  objects  *  the  increase  and  diffusion  of  knowledge  among  men.*  This  trust 
vas  accepted  by  the  Grovernraent  of  the  United  States,  and  an  act  of  Con- 
gress was  passed  August  10,  1846,  constituting  the  President  and  the  other 
principal  executive  officers  of  the  General  Government,  the  Chief  Justice  of 
the  Supreme  Court,  the  Mayor  of  Washington,  and  such  other  persons  as 
they  might  elect  honorary  members,  an  establishment  under  the  name  of  the 
'Kmithsonian  Institution,  for  the  increase  and  diffiision  of  knowledge  among 
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men.'  The  memberB  and  honorary  members  of  this  establishment  are  to  hold 
stated  and  special  meetings  for  the  supervision  of  the  afiairs  of  the  Insdtation 
and  for  the  advice  and  instruction  of  a  Board  of  R^ents,  to  whom  the  finan- 
cial and  other  affidrs  are  entrusted. 

"  The  Board  of  Regents  consists  of  three  members  ex-^ffixio  of  the  estab- 
lishment, namely,  the  Vice-President  of  the  United  States,  the  Chief  Justice 
of  the  Supreme  Court,  and  the  Mayor  of  Washington,  together  with  tirdye 
other  members,  three  of  whom  are  appointed  by  the  Senate  from  its  own 
body,  three  by  the  House  of  Representatives  from  its  membere,  and  six  citi- 
zens appointed  by  a  joint  resolution  of  both  houses.  To  this  Board  is  giTen 
the  power  of  electing  a  Secretary  and  other  officers,  for  conducting  the  acdrv 
operations  of  the  Institution. 

"  To  carry  into  effect  the  purposes  of  the  testator,  the  plan  of  organiiatioB 
should  evidently  embrace  two  objects,  one,  the  increase  of  knowledge  by  the 
addition  of  new  truths  to  the  existing  stock ;  the  other,  the  diffiision  of  knowl- 
edge thus  increased  among  men.  No  restriction  is  made  in  fieivor  of  any  kiitd 
of  knowledge,  imd  hence  each  branch  is  entitled  to  and  should  receive  a  diare 
of  attention. 

''  The  act  of  Congress,  establishing  the  Institution,  directs,  as  part  of  tbe 
plan  of  organization,  the  formation  of  a  Library,  a  Museum,  and  a  Gallery 
of  Art,  together  with  provisions  for  physical  research  and  popular  lectarea, 
while  it  leaves  to  the  Kegents  the  power  of  adopting  such  other  parts  of  an 
organization  as  they  may  deem  best  suited  to  promote  the  objects  of  the 
bequest. 

''After  much  deliberation,  the  Regents  resolved  to  divide  the  annual  income, 
thirty  thousand  nine  hundred  and  iifly  dollars,  into  two  equal  parts,  one  part 
to  be  devoted  to  the  increase  and  diffusion  of  knowledge  by  means  of  origioal 
research  and  publications,  the  other  half  of  the  income  to  be  applied  in 
accordance  with  the  requirements  of  the  act  of  Congress  to  the  gradual 
formation  of  a  Library,  a  Museum,  and  a  Gallery  of  Art" 

(The  Programme  of  Organization,  adopted  December  8, 1847,  follows.) 

''  In  accordance  with  the  rules  adopted  in  the  Programme  of  Organization, 
each  memoir  in  this  volume  has  been  favorably  reported  on  by  a  (x)mmjaBOD 
appointed  for  its  examination.  It  is  however,  impossible,  in  most  cases,  to 
verify  the  statements  of  an  author ;  and,  therefore,  neither  the  Commission 
nor  the  Institution  can  be  responsible  for  more  than  the  general  character  ol 
a  memoir." 

The  total  number  of  papers  published  in  the  23  volumes  of  ''GontrilMi- 
tions  "  is  119,  with  an  aggregate  of  12,456  pages,  1,567  wood  cuts,  523  plates, 
and  16  maps,  each  volume  averaging  541}  pages. 


2.  MlBGELLANEOUB  COLLECTIONB. 

In  the  year  1862,  another  series  was  instituted,  entitled  ''Bmithaoiiian 
Miscellaneous  Collections"  each  volume  of  which  has  the  following  pre&oe: 

"The  present  series,  entitled  ''Smithsonian  Miscellaneous  Colleetions,"  is 
intended  to  embrace  all  the  publications  issued  directly  by  the  BmithsoniaB 
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Institution  in  octavo  form;  those  in  quarto  constituting  the  '^ Smithsonian 
Contributions  to  Knowledge."  The  ouarto  series  includes  memoirs,  embrao- 
ing  the  records  of  extended  original  mvestigations  and  researdies,  resulting 
in  what  are  believed  to  be  new  truths,  and  constituting  positive  additions  to 
the  sum  of  human  knowledge.  The  octavo  series  is  aesigned  to  contain 
reports  on  the  present  state  of  our  knowledge  of  particmar  branches  of 
science;  instructions  for  collecting  and  digesting  facts  and  materials  for 
research ;  lists  and  S3mopses  of  species  of  the  organic  and  inorganic  world ; 
museum  catalogues ;  reports  of  explorations ;  aids  to  bibliographical  investi> 
gatioDs,  etc. ;  generally  prepared  at  the  express  request  of  the  institution  and 
at  its  expense. 

"The  position  of  a  work  in  one  or  the  other  of  the  two  series  will  some- 
times depend  upon  whether  the  required  illustrations  can  be  presented  more 
conveniently  in  the  quarto  or  the  octavo  form. 

'^In  the  Smithsonian  Contributions  to  Knowledge,  as  well  as  in  the  present 
series,  each  article  is  separately  paged  and  indexed,  and  the  actual  date  of  its 
publication  is  that  eiven  on  its  special  title  page,  and  not  that  of  the  volume 
in  which  it  is  placed.  In  many  cases  works  have  been  published  and  largely 
distributed  years  before  their  combination  into  volumes. 

''While  due  care  is  taken  on  the  part  of  the  Smithsonian  Institution  to 
insure  a  proper  standard  of  excellence  in  its  publications,  it  will  be  readily 
nnderstood  tnat  it  cannot  hold  itself  responsible  for  the  &cts  and  conclusions 
of  the  authors,  as  it  is  impossible  in  most  cases  to  verify  their  statements." 

The  total  number  of  papers  published  in  the  23  volumes  of  "Miscellaneous 
Collections"  is  122,  each  volume  averaging  882}  pages,  with  an  aggregate  of 
20,299  pages,  2,868  wood  cuts,  and  43  plates. 


3.  Ankual  Repobts. 

By  the  act  of  Congress  organizing  the  Institution  it  was  made  the  duty  of 
the  "  Board  of  Regents  to  submit  at  each  session  a  report  of  the  operations, 
expenditures,  and  condition  of  the  Institution."  These  Annual  Reports 
form  a  third  series  of  Smithsonian  publications.  They  consist  of  the  reports 
of  the  Secretary  to  the  Board  of  Regents  of  the  operations  and  condition  of 
the  Institution ;  the  reports  of  committees  of  the  Board ;  reports  of  lectures ; 
extracts  from  correspondence ;  original  or  translated  articles  relating  to  the 
history  and  progress  of  science,  etc. 

The  first  report  was  submitted  by  the  Board  to  the  second  session  of  the 
29th  Congress,  1847,  and  formed  an  octavo  pamphlet  of  38  pages.  A  similar 
report  was  presented  annually  thereafter,  varying  in  size  from  64  pages  to 
326,  printed  in  pamphlet  form  with  paper  covers  up  to  1853,  when  Congress 
ordered  the  report  to  be  bound  in  cloth.  In  the  volume  for  that  year  the 
easeatial  portion  of  the  contents  of  the  preceding  seven  reports  was  reprinted. 
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and  this  is  now  considered  as  the  first  of  a  set  of  Smithsonian  ReportA. 
The  number  of  pages  was  limited  between  1854  and  1876  to  400.  In  the 
latter  year  this  restriction  was  removed,  and  since  then  the  average  number 
of  pages  has  been  600. 

The  number  of  copies  of  these  reports  for  general  distribution  ordeivd 
by  Congress  has  been  very  variable,  the  largest  being  7,500  in  1874  and 
1875,  and  the  smallest  150  in  1847.  The  number  of  copies  granted  tk 
Institution  each  year  is  shown  in  the  following  table: 

Number  of  extra  copies  fitmished  the  Institution  by  Congress  for  distribution. 


For  the 
Year. 

No.  OF 
Copies. 

For  the 
Year. 

1 
No.  OP       1 
Copies. 

For  the 
Year. 

187 1 

No.  OF 
Copies. 

1847 

150 

1859 

2,000        1 

5.000 

1S48 

i,ooo 

i860 

2,000        j 

1872 

5.000 

1849 

500 

1861 

2,000 

i«73 

6/)oo 

1850 

1,000 

1862 

2,000 

1874 

7.500 

1851 

2,000 

1863 

2,000 

1875 

7.500 

1852 

2,000 

1864 

2,000 

1876 

6.500 

1853 

3»«» 

1865 

2.000        j 

1877 

6,500 

1854 

2.500 

1866 

2,000 

1878 

6.500 

1855 

2.500 

1867 

2,000 

1879 

7,000 

1856 

2,500 

1868 

2,000 

1 

1880 

7,000 

1857 

5,000 

1869 

3.000 

1858 

5,000 

1870 

5,000 

The  total  number  of  pages  in  tl\e  35  volumes  of  Annual  Reports  is  14,419. 
average  412  pages ;  total  number  of  woodcuts,  1,898. 


4.  Bulletins  of  the  U.  S.  National  Musecjm. 

• 

In  the  year  1875  a  fourth  series  of  publications  (octavo)  was  oommenci:>cl. 
entitled  '*  Bulletins  of  the  National  Museum,"  intended  to  illustrate  the  col- 
lections of  natural  history  and  ethnology  belonging  to  the  United  States. 
constituting  the  National  Museum,  of  which  the  Smithsonian  Institution  i^ 
the  custodian. 

Twenty  of  these  Bulletins  have  been  published,  with  an  aggr^ate  of  3,1(>*^ 
pages,  45  plates,  and  1  map. 
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5.  Proceedings  of  the  U.  S.  National  Museum. 

In  imitation  of  the  practice  of  those  learned  societies  which  publish  peri- 
odically descriptions  of  new  species,  &c.,  in  the  form  of  proceedings  of  weekly 
or  monthly  meetings,  and  thus  present  to  the  world  the  discoveries  connected 
with  the  establishment  at  the  earliest  practicable  moment,  it  appeared  to  be 
very  desirable  that  the  National  Museum  should  have  some  medium  of 
prompt  publication  for  announcing  descriptions  of  specimens  received,  (many 
of  which  are  new  species,)  as  well  as  other  interesting  &cts  relative  to  natu- 
ral history  furnished  by  correspondents  of  the  Institution.  To  meet  this 
want  a  fii^h  series  of  publications,  (octavo,)  entitled  "Proceedings  of  the 
National  Museum,"  was  commenced  in  1880.  They  are  printed  in  successive 
signatures  as  fiist  as  material  sufficient  for  16  pages  is  prepared,  and  dis- 
tributed at  once  to  scientific  societies  and  leading  active  working  naturalists 
in  this  country  and  in  Europe,*  each  signature  having  printed  at  the  bottom 
of  its  first  page  the  date  of  actual  issue,  for  settling  any  questions  as  to 
priority  of  publication.  Of  this  series  four  volumes  have  been  published^ 
comprising  2,221  pages,  with  28  cuts  and  19  plates. 

• 
6.  Reports  of  the  Bureau  op  Ethnology. 

The  sixth  series  of  publications  is  the  annual  report  (in  Imperial  octavo) 
of  the  Bureau  of  Ethnology,  placed  by  Congress  in  charge  of  the  Smithso- 
nian Institution.  The  first  volume  of  this  series  was  issued  in  1881,  and 
consists  of  638  pages,  with  343  cuts,  54  plates,  and  1  map. 

The  distribution  of  this  volume  to  individuals  is  wholly  by  Members  of 
Congress  and  the  Director  of  the  Bureau,  Major  J.  W.  Powell — the  Institu* 
tion  having  copies  at  its  disposal  only  for  the  libraries  on  its  regular  list  of 
distribution  for  its  own  full  series. 

7.  Copyright. 

No  copyright  has  ever  been  secured  on  the  publications  of  the  Institution. 
Thev  are  left  free  to  be  used  by  compilers  of  books  without  any  restrictions,. 
except  that  fiiU  credit  shall  be  given  to  the  name  of  Smithson  for  any 
extracts  which  may  be  made  from  them. 


i 

*Prof.  Baird's  report  for  i88o. 
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8.  Use  of  Iixubtrationb. 

Copies  of  the  wood  cuts  used  by  the  Institution  are  granted  to  authors  or 
publishers  on  payment  of  the  actual  cost  of  production  of  electrotypes, 
and  promise  to  give  proper  reference  to  the  article  in  which  they  origiiullT 
appeared. 

9.  Size  of  Edxtionb. 

In  the  first  experiments  of  the  Smithsonian  system  of  publicalion,  the 
proper  magnitude  of  the  editions  necessary  to  meet  the  immediate  and  futuie 
demand  could  not  be  accurately  ascertained.  The  number  of  copies  of  tbe 
Contributions  then  fixed  upon,  has  since  been  found  inadequate,  althoogli  it 
was  larger  than  that  usually  issued  by  other  institutions.  The  edition  his, 
therefore,  been  augmented,  until  at  the  present  time  1,000  copies  of  each 
article  are  set  aside  to  be  combined  into  volumes,  and  an  extra  number,  varv 
ing  with  the  probable  demand,  struck  off  for  separate  distribution,  and  ht 
sale. 

Each  article  is  complete  in  itself,  with  separate  paging,  title,  and  index. 
and  without  any  necessary  relationship  to  others  combined  with  it  in  the 
same  volume. 

Of  the  early  volumes  of  Smithsonian  Contributions,  the  edition,  for  reasons 
already  explained,  was  less  than  of  the  succeeding  ones,  so  that  complete 
sets  cannot  now  be  Airnished. 

In  the  year  1862,  the  plan  of  stereotyping  every  article  printed  br  tk 
Institution  was  adopted,  the  plates  being  carefiilly  preserved,  thus  making  it 
practicable  at  any  time  to  issue  new  editions  except  where  expensive  litho- 
graphic plates  were  used,  a  limited  number,  only,  of  impressions  firom  these 
having  been  taken. 

A  number  of  the  earlier  articles  in  octavo  were  out  of  print  before  the 
conmiencement  of  the  series  of  "Miscellaneous  Collections,"  and  oonaequentlj 
are  not  included  in  them. 

The  printing  of  the  "Bulletins"  and  "Proceedings"  is  authorized  bj  the 
Department  of  the  Interior  and  paid  for  out  of  its  fimd.  An  edition 
of  1,000  copies  is  published,  of  which  one-half  is  distributed  by  the  Depart- 
ment of  the  Interior  and  one-half  by  the  Institution.  As  the  pages  are 
stereotyped,  the  cost  of  additional  copies  is  ^ight ;  and  for  the  purpose  of 
making  sure  that  a  sufficient  number  of  sets  will  be  accessible  ferever  to 
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Students  in  all  parts  of  the  world,  it  haa  been  considered  expedient  to  print 
1,500  additional  copies  of  each  for  incorporation  in  the  Miscellaneous  Col- 
lections.* 

10.  Distribution  of  Publications. 

The  distribution  of  the  publications  of  the  Institution  is  a  matter  which 
requires  much  care  and  judicious  selection,  the  great  object  being  to  make 
known  to  the  world  the  truths  which  may  result  from  the  expenditure  of  the 
Bmithson  ftind.  For  this  purpose  the  Contributions  are  so  distributed 
88  to  be  accessible  to  the  greatest  number  of  readers ;  that  is,  to  large  central 
libraries. 

The  volumes  of  Contributions  are  presented  on  the  express  condition  that, 
vhile  they  are  careAiUy  preserved,  they  shall  be  accessible  at  all  times  to 
students  and  others  who  may  desire  to  consult  them,  and  be  returned  to  the 
Institution  in  case  the  establishments  to  which  they  are  presented  at  any  time 
oease  to  exist.' 

These  works,  it  must  be  recollected,  are  not  of  a  popular  character,  but 
require  profound  study  to  fully  understand  them ;  they  are,  however,  of  im- 
portance to  the  professional  teacher  and  the  popular  expounder  of  science. 
They  contain  the  materials  from  which  general  treatises  on  special  subjects 
may  be  elaborated.t 

Full  sets  of  the  publications  cannot  be  given  to  all  who  apply  for  them, 
smce  this  is  impossible  with  the  limited  income  of  the  Institution,  and,  indeed, 
if  care  be  not  exercised  in  the  distribution,  so  large  a  portion  of  the  income 
viU  be  annually  expended  on  the  production  of  copies  for  distribution  of 
what  has  already  been  published  that  nothing  frirther  can  be  done  in  the  way 
of  new  publications.  It  must  be  recollected  that  every  addition  to  the  list  of 
distribution  not  only  involves  the  giving  of  the  publications  which  have 
already  been  made,  but  also  of  those  which  are  to  be  made  hereafter.;^ 

The  rules  governing  the  distribution  of  the  Smithsonian  publications  are 
appended.  To  enable  institutions  not  coming  within  their  provisos,  as  well  as 
mdividuals,  to  procure  copies  of  such  as  may  be  desired,  a  small  number  is  set 
aside  and  sold  by  the  Institution  at  a  price  which  is  intended  merely  to  cover 
the  actual  cost  of  their  publication. 


*  Prof.  Baird's  report  for  i8So. 
f  Prof.  Henry's  report  for  1876. 
X  Prof.  Henry's  report  for  1873. 
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11.  Rules  for  Distribution  of  the  Publications  of  the 

Smithsoniak  Ikstitution. 

2b  LutUviions. 

The  publications  of  the  Smithsonian  Institution  are  furnished : 

Ist.  To  learned  societies  of  the  first  class,  which  present  oomplete  series  of 
their  publications  to  the  Institution. 

2d.  To  libraries  of  the  first  class,  which  give  in  exchange  their  catalogues 
and  other  publications ;  or  an  equivalent,  from  their  duplicate  volumes. 

3d.  To  collies  of  the  first  class,  which  ^imish  catalogues  of  their  libraries 
and  of  their  students,  and  all  publications  relative  to  their  organization  and 
history. 

4th.  To  public  libraries  containing  26,000  volumes. 

5th.  To  smaller  public  libraries,  where  a  large  district  would  be  otherwide 
unsupplied. 

6th.  Institutions  devoted  exclusively  to  the  promotion  of  particular 
branches  of  knowledge  may  receive  such  Smithsonian  publications  as  relate 
to  their  respective  objects. 

«  ^^ 

2b  Individuab. 

The  gratuitous  distribution  to  individuaU,  of  the  publications  of  the  Insti- 
tution, is  restricted : 

1st.  To  those  who  are  engaged  in  original  research  in  the  branch  of  sdenoe 
to  which  the  book  asked  for  pertains. 

2d.  To  those  who  require  it  in  the  business  of  instruction. 

3d.  To  donors  to  the  museum  or  library  of  the  Institution. 
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12.  Form  of  Application  for  Publications. 

To  the  Smithsonian  InstiivJtion^  Washington^  D,  C 

Date,  18 

In  behalf  of  the  ,  we  respectftdly  apply 

ibr  the  publications  of  the  Smithsonian  Institution,  on  condition  that  all  vol- 
umes received  shall  be  carefiiUy  preserved,  be  aoceasible  to  any  person  who 
mav  wish  to  consult  them,  and  be  returned  to  the  Smithsonian  Institution  in 
case  the  establishment  at  any  time  ceases  to  exist. 


1.  Name  of  Establishment 

2.  Location — ^Town 

State — . 

3.  When  established 

4.  Character 

5.  Buildings  and  property 

6.  Permanent  fund 

7.  Annual  income. 

8.  Volumes  in  library 

9.  Number  of  persons  having  use  of  books. 

10.  Date  of  last  catalogue  of  library 

11.  What  publications  made 

(Send  printed  list  if  possible.) 

12.  Names  of  Officers:  President . 

Secretary i... 

Librarian 


13.  Addresses  of  principal  scientific  men  connected  with  the  Establishment  and  subjects  in 
which  specially  interested ^— 

I  recommend  the  above  application. 

^^^^Aembtr  of  CongreUt 

-1 District _ State. 
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13.  Price  List  of  Smithsonian  Publications. 

i 

Where  no  price  is  given  the  work  is  out  of  print,  and  cannot  be  furnished 
Of  those  marked  ''free"  the  edition  is  limited,  and  copies  are  only  given  to 
those  specially  interested  in  tl^e  subjectB  to  which  they  pertain,  who  are  col- 
laborators of  the  Institution  or  contributors  to  its  library  or  museum. 
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PREFACE. 


The  present  catalogue  embraces  all  the  articles  published  by  the  Smith- 
soniaii  Institution  from  its  organization  in  1846  to  the  first  of  July,  1882,  a 
period  of  thirty-six  years. 

At  the  beginning  nothing  was  issued  but  pamphlets  explanatory  of  the 
plan  of  the  Institution  and  brief  annual  reports  of  the  proceedings  of  the 
Board  of  Regents,  indicated  in  the  catalogue  by  the  letters  A,  B,  C,  D,  E,  F, 
G,  H,  I,  J,  K,  L,  M,  N,  O,  Q.  An  elaborate  work,  (P  in  the  catalogue),  by 
Robert  Dale  Owen,  on  public  architecture,  with  special  reference  to  the 
plans  of  the  Smithsonian  Institution,  prepared  on  behalf  of  the  Building 
Committee,  was  printed  at  the  expense  of  the  Institution  in  1849,  but  did 

not  form  part  of.  the  regular  series  organized  by  the  Secretary  of  the  Institu- 

tioxL,  Prof.  Henry. 

1.  Smithsonian  Contributions  to  Knowledge. 

The  series  entitled  "  Smithsonian  Contributions  to  Knowledge,"  in  quarto 
form,  was  commenced  in  1848  by  the  publication  of  Squier  and  Davis' 
Ancient  Monuments  of  the  Mississippi  Valley.  The  following  "Advertise- 
ment '*  of  the  first  volume,  prepared  by  Prof  Henry,  has  been  inserted  in 
everv  succeeding  volume  to  indicate  the  character  and  design  of  the  series : 

'*  This  volume  is  intended  to  form  the  first  of  a  series  of  volumes,  consist- 
ing of  original  memoirs  on  difierent  branches  of  knowledge  published  at  the 
expense  and  under  the  direction  of  the  Smithsonian  Institution.     The  publi- 
cation of  this  series  forms  part  of  a  general  plan  adopted  for  carrying  into 
effect  the  benevolent  intentions  of  James  Smithsou,  Esq.,  of  England.     This 
gentleman  left  his  property  in  trust  to  the  United  States  of  America  to  found 
at  Washington  an  institution  which  should  bear  his  own  name,  and  have  for 
its  objects  *  the  increase  and  diffusion  of  knowledge  among  men.'     This  trust 
yfss  accepted  by  the  Government  of  the  United  States,  and  an  act  of  Con- 
orreas  was  passecl  August  10,  1846,  constituting  the  President  and  the  other 
principal  executive  officers  of  the  General  Government,  the  Chief  Justice  of 
the  Supreme  Court,  the  Mayor  of  Washington,  and  such  other  persons  as 
they  might  elect  honorary  members,  an  establishment  under  the  name  of  the 
*  Smithsonian  Institution,  for  the  increase  and  diffiision  of  knowledge  among 
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Circles  and  spheres,  tangencies  of — B.  Alvord 80 

Circular — 

ancient  mining  in  Lake  Superior  copper  region.     (K.  1861) 149 

for  distribution  at  the  Centennial  Exhibition 290 

giving  directions  for  constructing  lightning-rods — J.  Henry 237 

in  reference  to  collecting  North  American  shells 176 

in  reference  to  history  of  North  American  grasshoppers — P.  B.  Uhler.  163 

of  inquiries  relative  to  crawfish  and  other  fresh  water  Crustacea 319 

of  Institute  of  Buport*s  Land.     (B.  1861) 149 

of  instructions  for  observations  of  thunder  storms — J.  Henry 235 

of  instructions  to  observatories,  relative  to  telegraph  announcements  of 

astronomical  discoveries ...—  ...- . •» — ^ — ...  263 
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Circular — Continued. 

philological— G.  Gibbs.     (B.  1862) - ISO 

relating  to  collections  in  archaeology  and  ethnology 

relating  to  collections  of  living  reptiles . 

relative  to  American  archssology — O.  T.  Hasok.     (R.  1879) M6, 3X6 

relative  to  collections  of  birds  from  Middle  and  South  America 

relative  to  food  fishes . 

relative  to  heights — 

relative  to  observations  in  Buesian  America .^ — 

relative  to  scientific  and  literary  exchanges 

relative  to  shipping  fresh  fish  and  other  animals -. 

respecting  copyright.     (B.  1864) «- 57 

respecting  new  report  on  libraries.     (B.  1854) « 7-S 

respecting  system  of  relationship — L.  H.  Mosgak 138 

sent  with  specimens  presented.     (B.  1872) 271 

to  entomologists - ITS 

to  officers  of  Hudson's  Bay  Company . ^ 137 

Circulars  of  United  States  National  Museum : 

Ko.    1.  Plan  of  organization  and  regulations  of  the  Museum — G. 

B.  GooDB.     (P.  1881) 467,  445 

No.  2.  To  friends  of  the  Museum—^.  F.  Baird.     (P.  1881) 467,  446 

No.  8.  Petroleum  collections— S.  P.  Baird.     (P.  1881) 467,  447 

No.  4.  Department  of  insects— S.  F.  Baird.     (P.  1881) 467,  448 

No.  5.  Establishment  and  oflElcers  of  S.  I.  and  Nat.  Mus.    (P.  1881)  467,  449 

No.  6.  Materia-medica  collection— J.  M.  Flint.     (P.  1831) 467,  450 

No.  7.  Forms  of  drugs  and  medicines— J.  M.  Flint.    (P.  1881)..  467,  451 

No.    8.  Collections  of    drugs  for  materia-medica  section — J.   M. 

Flint.     (P.  1881) 467,  452 

No.    9.  Building-stone  collection— S.  F.  Baird.     (P.  1881) 467,  453 

No.  10.  Letters  on  the  National  Museum— B.  Phillips.    (P.  1881)  467,  454 

No.  11.  Provisional    classification    of  the  food  collections — G.   B. 

GooDE.     (P.  1881) 467,  455 

No.  12.  Classification  of  the  collections  to  illustrate  taxidermy — 

W.  T.  HoRNADAY.     (P.  1881) 467,  456 

No.  18.  Scheme  of  classification  for  the  collections  in  the  Museum — 

G.  B.  GooDK.     (P.  1881) - 467,  457 

No.  14.  Asking  for  contributions  to  library  of   Museum— rS.   F. 

Baird.     (P.  1881)  — —  467,  458 

No.  15.  Organization  and  objects  of  the  Museum — G.  B.  €k>ODS. 

(P.  1881) 467,459 

No.  16.  Plans  for  installation  of  collections— G.B.GooDK.  (P.  1881)  467,472 

No.  17.  Contributions  to  the  Museum  and  their  acknowledgment. 

(P.  1881) 467,473 

No.  18.  List  of  publications  of  the  Museum.     (P.  1881) 467,  474 
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Cists,  stone,  Madison  county,  Illinois — A.  Oehler.    (B.  1879) 845 

Citizens  of  Philadelphia,  memorial  of,  relative  to  aeronautic  voyage  of  Lowe. 

(R.  1860) 147 

Civil  Engineers,  London  Institution  of.    Prize  questions.     (B.  1862) 160 

Clackamas  river,  Oregon,  notes  on  fishes  from — D.  S.  Jordan.     (P.  1878) 882 

Clabk,  H.  J.    LuceruarisB  and  their  allies,  anatomy,  physiology,  and  relations  of  242 

Clark,  H.  J.,  memoir  of,  hy  A.  S.  Packard 1 242 

Clark,  W.  M.    Antiquities  of  Tennessee.     (R.  1877) 82» 

Clarkk,  Pladgate,  and  Finch.    Besiduary  legacy  of  Smithson.    (B.  1861)  149,  828 
Clarke,  P.  W.— 

Bibliography  of  atomic  volume,  specific  gravity,  &c. .. ^ .    26& 

Becalculation  of  atomic  weights — - 441 

Specific  gravities,  boiling  and  melting  points,  chemical  formuls,  tables..  25S 

Specific  gravities,  &c.    Supplementary  tables . 28S 

Specific  Heat  tables  for  solids  and  liquids . 276 

Tables  of  expansion  by  heat,  for  solids  and  liquids . 289 

Classification  and  arrangement  of  materia  medica  collection — J.  M.  Flint. 

(P.  1881) 467^  450 

Classification  and  synopsis  of  trochUidoD — D.  G.  Elliot .....•• . 317 

Classification  of — 

birds,  review  of  the — W.  Lilljeborq.     (B.  1865) 209,  364 

books,  on  the— J.  P.  Lesley.     (B.  1862) 160 

douds—A.  Poet.     (B.  1870) 244 

coleoptera.    Part  i — J.  L.  Le  Conte . 136 

coleoptera.    Part  ii — J.  L.  Le  Conte 26S 

collection  to  illustrate  animal  resources  of  United  States — O.  B.  Goode..  297 
collections  of  U.  S.  National  Museum— G.  B.  Gk>0DE.  (P.  1881)  ..  467,  457 
collections  of  United  States  National  Museum  to  illustrate  taxidermy — 

W.  T.  HoRKADAT.     (P.  1881) 467,  456 

food  collections— G.  B.  Goods.    (P.  1881) 467,  455 

forms  in  which  drugs  and  medicines  appear  and  are  administered — J.  M. 

Plikt.    (P.  1881) 467,  451 

insects  from  embryological  data — L.  Aoassiz 16 

methods  of  capture  and  utilization  of  animals — G.  B.  Gk>0DE . 297 

Classified  list  of  meteorological  publications  and  articles  in  periodicals  received 

by  Smithsonian  Institution.     (B.  1878) 275 

Classified  record  of  meteorological  material  preserved  in  Smjthsonian.    (B. 

1874) 286 

Classified  record  of  monthly  meteorological  reports.     (B.  1878) .     275 

CLiAYELAin),  P.    Meteorological  observations  at  Brunswick,  Maine 204 

Clkayeland,  p.,  notice  of,  by  J.  Heitrt.    (B.  1869) 110 

Olxhehb,  B.    Instructions  for  collecting  hymenoptera.    (B.  1868) 109 
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Glbiikks,  B.    Instructions  for  collecting  lepidoptera.     (R.  1858) 109 

Olemkks,  B.    On  lepidoptera — 133 

Climate  and  history  of  New  Mexico— T.  A.  McParlik.     (B.  1877) 823, 396 

Climate  of  Alaska— H.  M.  Bakkistsb.     (R.  1866) 214 

Climate  of  California— T.  M.  Logak.    (R.  186C) u 

Climate  of  Colorado— Ji  Evans.     (R.  1865) 2!» 

Climate  of  Kansas— R.  S.  Elliott.     (R.  1870) -. 244 

Climate  of  Kelley's  Island,  Ohio— G.  C.  Huntikoton.     {R.  1866) 214 

Climate  of  San  Francisco— H.  Gibbons.    (R,  1854) '■* 

Climate — See  Meteorology. 

Climatic  influence  of  forests— M.  Becquerkl.     (R.  1869) 23» 

Clinghan,  T.  L.     Topography  of  Black  Mountain,  N.  C.     (R.  1855) TT 

Clinton,  N.  T. — See  Hamilton  College. 

Closing  of  Kennebec  river,  Maine— R.  H.  Gardinbr.     (R.  1858) W* 

Cloud-bursts— W.  J.  Youno.     (R.  1867) ' 21'. 

Cloud,  dispersion  of,  by  an  electrical  discharge— D.  W.  Naill.     (R.  1858) 1(^ 

Clouds,  electricity  of  induction  in — F.  Zantedeschi.     (R.  1870) 244 

Clouds,  formation  of,  over  Gulf  Stream— H.  M.  Bannister.     (R.  1866) 214 

Clouds,  new  classification  of— A.  Poey.     (R.  1870) 244 

Clouds,  nomenclature  of -.^_ 347 

Clupea  tyrannus  of  Latrobe— G.  B.  GooDE..    (P.  1878) SG2 

Clubs,  A.    Report  of  architect.     (R.  1867) 21) 

Cluss  &  ScHXTLZE,  report  of,  for  1879.     (R.  1879) 345,  409 

Cluss  &  ScHULZE,  report  of,  for  1880.     (R.  1880) 442, 434 

Cltmer,  H.    Memorial  of  J.  Henry *^ 

Cltmer,  H.,  and  others.    Report  on  Museum.     (R.  1876) 29^* 

Coal,  Chinese  and  Japanese,  analyses  of— J.  A.  Macdonald 20f 

Coal,  Chinese,  fossil  plants  in— J.  S.  Newberry 2H2 

Coal,  lecture  on — J.  Le  Conte.     (R.  1867) \0' 

Coal  oils,  explosibility  of— Z.  Allen.     (R.  1861) 14'* 

Coast  Survey  expedition  of  1866,  to  determine  transatlantic  longitude — B.  A. 

Gould 223 

Coast  Survey  soundings  on  Atlantic  coast,  examination  of — J.  "W.  Bailkt 2U 

Cobalt  (ammonia-)  bases — W.  Gibbs  ;  P.  A.  Genth >^ 

Cochrane,  J.    Antiquities  of  Mason  county,  Illinois.     (R.  1877) 32Z 

CoDD,  J.  A.     Acknowledgment  for  books.     (R.  1861) 141" 

Code  of  symbols  for  charts  of  archsBology — G.  DE  Mortillet  ;  E.  Chaktrb. 

(R.  1876) - ! - - —  ^ 

C077IN,  J.  H.— 

Orbit  and  phenomena  of  meteoric  firo  ball .-..^... 221 

Psych rometrical  tables... 87 

Storms  of  1869 - If*- 
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CorFnr,  J.  H. — Continued. 

Winds  of  the  globe ^ - ^ 268 

Winds  of  the  Korthern  Hemisphere .. ^ ^ . 52 

Conrnr,  8.  J.    Tables  and  maps  of  winds  of  the  globe 268 

OoGswiLL,  J.  G.    Beport  on  Jewett's  general  stereotype  catalogue  of  public 

libraries  -- -— «—      47 

Coins,  assay  of  gold  and  silver,  at  United  States  mint— J.  Pollock.    (B.  1868)    224 

Coins,  table  of  foreign,  gold  and  silver.     (R.  1868) 224 

CoLDiNO,  A.    Meteorology.     (R.  1877) 828,  898 

CoLWNo,  A.    Nature  of  currents  of  air.     (R.  1877)—! 828,  898 

CoLDiKO,  A.    Theory  of  relation  between  pressure  and  the  velocity  of  the 

wind.     (R.  1877) 828,  898^ 

CoLDiNO,  A.     Whirlwind  at  St.  Thomas  in  August,  1871.     (R.  1877) 828,  898 

Coleoptera — 

catalogue  of  the  described,  of  the  United  States — T,  S.  Melsheimsr  ..     62 

classification  of.     Part  I — J.  L.  Lb  Coitte 136 

classification  of.    Part  II — J.  L.  Le  Conte 265 

instructions  for  collecting — J.  L.  Le  Gonte.     (R.  1868) ' 109 

new  species  of  North  American.     Part  I — J.  L.  Ls  Gonte 167 

new  species  of  North  American.    Part  II — J.  L.  Le  Conte 264 

of  Arctic  America — S.  H.  Sguddeb 842 

of  Kansas  and  eastern  New  Mexico — J.  L.  Ls  Gonte 126 

of  North  America,  list  of—J.  L.  Le  Conte 140 

Colima,  eruption  of  the  volcano  of— G.  Sartorixtb.     (R.  1869) 228 

Collaborators  of  Smithsonian  Institution,  directory  of ^ .^.— ^    466 

Collecting — 

and  preserving  diptera,  directions  for— G.  R.  Ostbn  Sackbn 102 

and  preserving  fish,  directions  for— T.  H.  Bean.     (P.  1881) 467,  464 

and  preserving  plants,  directions  for — L.  F.  Ward 460 

insects,  directions  for — A.  S.  Packard — 261 

insects,  instructions  for— S.  P.  Baird.     (R.  1868) 109 

land  and  fresh-water  shells,  instructions  for — J.  Lewis.     (R.  1866)  214,  363 

microscopic  organisms,  directions  for ^^ . 68 

myriapods,  phalangidn,  etc. — ^H.  C.  Wood.     (R.  1866) 214 

nests  and  eggs,  instructions  for — ^T.  M.  Brewer '  139 

nesU  and  eggs  of  birds— S.  P.  Baird.     (R.  1858) 109 

North  American  shells,  circular  in  reference  to L^..—^ 176 

specimens,  directions  for — S.  P.  Baird.     (R.  1866) 91,  34 

specimens  of  diatomacea,  directions  for^A.  M.  Edwards <.-.^ 366 

specimens  of  natural  history — S.  P.  Baird ^ 34 

Collection— 

and  preAervation  of  marine  invertebrates — W.  Stimpson . ..— —      84 

archflsological,  of  United  States  National  Museum— G.  Rau ._  287 

11 
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Collection — 

of  historical  documents  in  Guatemala— C.  H.  Bsbkitdt.     (B.  1876) 259 

of  meteorological  tables — A.  Gxtyot 31,  15^ 

to  illustrate  animal  resources  and  fisheries  of  United  States,  exhibited 

at  Philadelphia,  in  1876,  catalogue  of— G.  B.  Goods 326 

to  illustrate  animal  resources  of  United  States,  classification  of— G.  B. 

Goods 297 

Oollections — 

additions  to.     (See  each  annual  report.) 

furnished  by  explorations  from  1838  to  1877— S.  F.  Baird.     (B.  1877)-.    S2S 

in  archaeology  and  ethnology,  circular  relative  to— J.  Hsxry ...  205 

made  by  Lt.  G.  K.  Warren,  report  on — F.  B.  Mssk;  F.  V.  Haydsn—    17i 

of  living  reptiles,  circular  relating  to — 320 

presented  to  United  States  by  foreign  commissioners  at  Centennial  Exhibi- 
tion, list  of.     (R.  1876) 299 

to  illustrate  art  of  taxidermy— W.  T.  Hosnadat.     (P.  1881) 467,  456 

Collections — See  Ethnographical. 

Collectors  of  customs  to  receive  and  transmit  specimens  to  the  Smithsonian S4 

Collectors  of  drugs,  memoranda  for — J.  M.  Flint.     (P.  1881) 467,  452 

College — See  Girard,  Hamilton,  Liberia. 

Colleges  in  United  States  in  correspondence  with  Smithsonian  Inst.,  list  of 2S8 

Collins,  Colonel.    Meteorology  of  the  Green  river  country.     (R.  1871) 249 

Colonia  Tovar,  Venezuela,  meteorology  and  ethnology  of — A.  Fsndlsr.     (R. 

1867) - - 107 

Colonia  Toxar,  Venezuela,  meteorology  of— A.  Fkndlsr.     (R.  1866) 214 

Colorado- 
ancient  remains  in — E.  L.  BsRTHOUD.    (R.  1867) 215 

climate  of— J.  Evans.    (R.  1865) 2)9 

cretaceous  fossils  from — C.  A.  Whits.     (P.  1881) 46T 

descriptions  of  new  invertebrate  fossils  from — C.  A.  Whits.     (P.  1880).  42> 

heights  of  mountains  in — G.  Enqelhann.     (R.  1862) 150 

Jefferson  and  Clear  Creek  Cos.,  antiquities — G.  L.  Cannon.    (R.  1877)  S23 

Weld  county,  antiquities  of— E.  L.  Bsrthoud.     (R.  1871) *4J» 

Color-blindness— J.  Henry.    (R.  1877) $2S 

Color-blindness— A.  Moiono.     (R.  1866) 214 

Color-blindness  in  its  relations  to  accidents  by  rail  and  sea — F.  Holmqsxk. 

(R.  1877) - —  823,399 

Colored  bead  from  mound  in  Florida — A.  M.  Harrison.     (R.  1877) .  32S 

Colors,  accidental  or  subjective — A.  Moiono.     (R.  1866) 214 

Columbia  river,  Chinook  names  of  salmon  in — S.  B.  Shith.     (P.  1881) 467 

Columbia  river,  Sb^monuicB  of— C.  BsNDiRS.     (P.  1881) 467 

Combustion  of  gun-cotton  and  gunpowder,  products  of— Lieut,  ton  SuABOI^tx; 

B.  F.  Craio.     (R.  1864) 18S 
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Comet,  investigations  of  Biela's — J.  S.  Hubbard.     (R.  1862) 160 

Comets,  directions  for  telegrams  of  discovery  of 263 

Comfort,  A.  J.    Indian  mounds  near  Fort  Wadsworth,  Dakota.     (R.  1871) ..    249 
Commemoration  of  J.  Henry 356 

Commission,  National  Museum — See  Museum. 

Commissioner  of  Patents.     Meteorological  observations,  Yol.  i 157 

Commissioner  of  Patents.     Meteorological  observations,  Vol.  ii 182 

Commissioners  for  Foreign  Missions — See  American  Board. 

Commissioners,  report  of,  on  plan  of  forming  general  stereotype  catalogue  for 

public  libraries  in  United  States.     (R.  1860) _ 28,  47 

Committee  of  American  Association  for  Advancement  of  Science.     Report  on 

meteorology.     (R.  1851) «_ .....      51 

Committee  of  Regents — 

report  on  arcbitecture ^ P 

report  on  fire  at  Smithsonian — R.  Wallach  ;  J.  Henry.     (R.  1864)  188,  829 

report  on  income— J.  A.  Pearce.     (R.  1858) 67,  829 

report  on  income — J.  Meagham.     (R.  1858) 67,  829 

report  on  Museum — A.  Gray;  A.  A.  Sargent;  H.  Clymer.  (R.  1876)  299, 329 

report  on  organization -: B,  828 

report  on  organization,  (first) - - L,  828 

Committee — See  Report. 

Comparative  action  of  dry  heat  and  sulphurous  acid  upon  putrefactive  bacteria. 

(P.  1881) - - 467 

Comparative  vocabulary — A.  Gallatin 160 

Comparative  vocabulary,  English,  Spanish,  French,  Latin — G.  Gibbs 170 

Compasses,  deviations  of,  on  iron-clad — W.  Harkness 289 

Conchology,  North  American,  bibliography  of.     Part  i.     American  authors — 

W.  G.  BiNNEY - 142 

Conchology,  North  American,  bibliography  of.    Part  ii.     Foreign  authors — 

W.  G.  BiNNEY - .- 174 

Conchology — See  MoUusks,  Shells. 

Concise,  archseological  researches  at — F.  Troyon.     (R.  1861) - 149 

CoNDORCET,  biography  of,  by  F.  Araoo.     (R.  1878) 841 

Cone-in-cone— H.  Poole.     (R.  1868) 187 

Congress,  International  Anthropological,  address  at — F.  F.  Romer.  (R.  1876)  299, 392 

Congress,  International  Archaeological,  Antwerp,  1866.     (R.  1866) ^.     214 

Congress  of  Carlsruhe,  1868,  scientific— F.  J.  Nickles.     (R.  1860) 147 

Congress,  United  States — 

act  of,  accepting  bequest,  July  1,  1886.     (R.  1858) 67,  828,  N 

act  of,  to  establish  Smithsonian  Institution.     (R.  1868)  67,  829,  391,  B,  N,  O 

act  of,  to  establish  Smithsonian  Institution,  construction  of — J.  McP. 

Berrien.    (R.  1868) _ 67 

act  of,  to  establish  Smithsonian,  digest  of— J.  Henry 1 .  828,  C 
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Congress,  United  States— Oontinued. 

act  of,  to  receive  residuary  legacy  and  increase  fiind.    (B.  1866) 214, 929 

act  of,  to  transfer  Smithsonian  library  to  Library  of  Oongress.  (B.  1866)  209, 328 

acts  of,  (45th  Congress,)  relative  to  Smithsonian.    (B.  1878) S41 

acts  of,  (46th  and  46th  Congresses,)  relative  to  Smithsonian,  1878-1880. 
(B.  1879) S4S 

memorial  of  J.  Henry,  published  by  order  of 856 

memorial  of  Begents  to,  asking  appropriations  for  Museum.    (B  1866; 
B.  1867) 214, 215,  as 

memorial  of  Begents  to,  relative  to  new  Museum  building.    (B  1876)..  299 

memorial  of  Begents'to,  relative  to  Smithson  fund.    (B.  1860) • 2S 

proceedings  of,  relative  to  appropriations  for  MiiaAnm  t28 

proceedings  of,  relative  to  monument  of  J.  Henry ^....^  tS6 

proceedings  of,  relative  to  new  Museum  building ^ S2B 

proceedings  of,  relative  to  Smithson  bequest -^ ^^^ 8^ 

proceedings  of,  relative  to  Smithsonian  Institution,  1886-1877 828 

Connecticut  Academy  of  Arts  and  Sciences,  planisphere  of  the  heavens  by 859 

Connecticut,  ancient  implement  of  wood  from — B.  W.  Bllswobth.    (B.  1876)  299 

Conosaurus,  memoir  on — B.  W.  Gibbss ^ H 

CoMBAB,  CM.,  Secretary  of  War.    Authority  to  officers  of  Quartermsftsr'i 

Department  toreceive  and  transmit  specimens  to  Smithsonian M 

CoKBAB,  T.  A.    Chalk  found  in  the  United  States.     (B.  1866) 20» 

CovBAB,  T.  A.    Check-list  of  invertebrate  fossils  of  North  America.    Eoceiu 

and  oligoeene tOO 

Consanguinity  and  affinity  of  the  human  family,  circular — L.  H.  Moboav —  138 
Consanguiniiy  and  affinity  of  the  human  £unily ,  systems  of— L.  H.  Moboav  ..  218 

Considerations  on  electricity.    (B.  1867) • ^^^ .  SU 
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Clabke ^ . 


Part  IV.     Atomic  weight  determinations — G.  P.  Bbckbb 258 

^art    V.    Becalculation  of  atomic  weights — P.  W.  Clabke •  •*! 

Pirst  supplement  to  Part  i.    Specific  gravities,  boiling  points  and  melUa; 
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kitchen-midden,  note  on  shells  from — W.  H.  Dall.    (P.  1878)  ..^ ^ 
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CoTTES,  R. ;  Prentiss,  S.  S.  '  List  of  birds  of  District  of  Columbia.    (R.  186i]   H^ 
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notice  of  new  species  of  WillemiBsia  group  of— S.  I.  Smith.     (P.  1879.)    833 
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Crystalline  rocks,  metamorphism  and  the  formation  of— G.  A.  Daubb^e.     (R. 
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Dakota  or  Sioux  Indiana,  language  of— F.  L.  O.  BosHBia.     (B.  1871) 249,  87S 
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flint  implements  in  Illinois— J.  P.  Sktdsb.     (B.  1876) 299 
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flood-tide,  law  of — 0.  H.  Datis 33 
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Deposits — See  Shell  deposits. 
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Electric  resonance  of  mountains.     (B.  1868) . 224 

Hymenoptera.     (B.  1862) 150 

Beport  on  transactions  of  Society  of  Physics  and  Natural  History  of 

Geneva,  1870-1871.    (B.  1871) 249 

Synopsis  of  Vespidx^  (American  wasps) . 254 

Dx  ScHi^aiKTWBiT,  H.    Ethnographical  collections.    (B.  1862) 150 

Description  of — 

a  new  flsh,  Apogon pandionU — G.  B.  Goods;  T.  H.  Bkan.    (P.  1881)..  .467 

a  new  fly-catcher  and  new  petrel  from  Sandwich  Islands — B.  Bibowat. 

(P.  1881)  .- 467 

a  new  genus  and  species  of  OottidcB — ^W.  N.  Lockikgton.     (P.  1881)...  467 

It  new  gobioid  flsh  {Othonop$  eoa)  from  San  Diego,  California — B.  SifiTH. 

(P.  1881) - .- 467 

a  new  owl  from  Porto  Bico — B.  Bidoway.     (P.  1881) 467 

birds — See  Proceedings  National  Museum. 

chitonidae  and  acmeeidn  from  Panama — P.  P.  Carpenter — .^^  262 

country  and  people  of  Yoruba,  Africa — T.  J.  Bowen ^  98 

fishes — See  Proceedings  of  National  Museum. 

fossil  plants  from  China — J.  S.  Newberry 202 

Cktbiesox  rhessodon  from  San  Diego,  California — B.  Smith.     (P.  1881).^  467 

human  skull  from  Bock  Bluff,  Illinois — J.  A.  Meiqs,    (B.  1867) 215 

magnetic  observatory  at  Smithsonian.     (B.  1869) 110 

meteorological  instruments — L.  Casella.     (B.  1869) 110 

new  flsbes— T.  H.  Bean.     (P.  1881) _ _..  467 

new  fishes — See  D.  S.  Jordan  ;  C.  H.  Gilbert. 

new  species  of  CentrarchidoB—C  L.  McKay.     (P.  1881).,. 467 

new  subspecies  of  Loxigilla  from  island  of  St.  Christopher,  West  In- 
dies—G.  N.  Lawrence.     (P.  1881) _.  467 

new  thrushes— B.  Bidoway.    (P.  1881) 467 

ohservatories  at  Dorpat  and  Poulkova — G.  Abbe.     (B.  1867) 216,  369 
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Detcription  of— Continued. 

obflervatory  at  St.  Martin,  Isle  Jeias,  Canada  East — C.  Smallwood.     (R. 

1856) 91 

plants  collected  by  J.  C.  Fremont  in  California — J.  Tob&kt 46 

remains  of  extinct  mammalia  and  chelonia  from  Nebraska — J.  Lbidt  _.  58 

Descriptions  of — 

ancient  works  in  Ohio — C.  Whittlwet .. 8T 

several  new  races  of  American  birds — R.  Ridowat.     (P.  1881) 4€T 

Smithsonian  anemometer — J.  Hsmbt.     (R.  1860) 147 

Squalius  aliciie  from  UUh  Lake— P.  L.  JouT.     (P.  1881) 467 

two  new  races  of  Myadestes  obaewrus — L.  Stsjnbgsr.     (P.  1881) 4^7 

Desiderata,  special,  among  North  American  birds,  list  of — R.  Riimwat.     (P. 

1881) 4*7 

Des  Moines  river,  ancient  pottery  from — R.  N.  and  C.  Dahlbsbo.     (R.  1879.)  S4'» 

Des  Moines  valley,  mounds  in— S.  B.  Evaks.     (R.  1879) •45 

Dk80B,E.  Palafittesorlacustrian  constructions,  Lake  Neuch&tel.  (R.  1865.)  209,360 

Destruction  of  fish  in  Gulf  of  Mexico— J.  Y.  Porter.     (P.  1881) 4''7 

Destruction  of  fish — See  iUto  Fish. 

Destructive  effect  of  iron  rust.     (R.  1861) H? 

DsYXRsnx,  J.  H.    Ancient  pottery  from  Arkansas.     (R.  1872) '271 

DsvBRBUZ,  J.  H.    Catalogue  of  Indian  relics  presented  to  Smithsonian  Insti- 
tution.    (R.  1872) 271 

Dbwmt,  C. — 

Best  hours  for  temperature  observations.     (R.  1860) 147 

-  Best  hours  to  find  mean  temperature.     (R.  1857) . U'7 

life  of,  by  M.  B.  Akdbbsok.     (R.  1870) 244 

The  winds.     (R.  1866) 214 

Diagnoses  des  mollusques  nouveaux  provenant  de  Californie  et  faisant  partie  du 

Muste  de  PInstitution  Smithsonienne — P.  P.  Carpbmtbb It't 

Diagnoses  of  new  forms  of  moUusks  collected  at  Cape  St.  Lucas,  Lower  C&li- 

fomia— P.  P.  Cabpbntbr  — ^ — 25i 

Diagnoses  of  new  mollusks — 

collected  on  west  tropical  shores  of  North  America— P.  P.  Carprxtkb.  25;^ 

from  Reigen  Mazatlan  collection — P.  P.  Gabpbntbr 25:! 

from  Vancouver  district — ^^P.  P.  Carpbntbb 25i 

from  west  coast  of  North  America — P.  P.  CaBpbittbr 2'*l 

from  west  tropical  region  of  North  America — P.  P.  Carpbntbb 2!>:^ 

Diamond  and  other  precious  stones — J.  Babinbt.     (R.  1870) 244,  377 

Diary  of  an  excursion  in  New  Mexice — J.  H.  Cablbton.     (R.  1854) 75 

Diatomacea— J.  W.  Bailby,-. 2Z,^ 

Diatomacea,  instructions  for  collecting,  preserving,  and  transporting — A.  M. 

Edwabbs 566 

DioxiirBON,  A.  B     ErupUon  of  volcano  in  Nicaragua.     (R.  1867) IV* 
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Bbrbndt.     (R.  1878) 276 

**  Oregon— G.  Gibbs 161 

40 

.1    HoWEN « 98 

A  .  W.  Turner 98 

.    1^  Siiiitlisonian  Institution — J.  Hknbt C,  328 

;ri  and  Tennessee.     (R.  1862) 160 

•  .artbworks  of  Ohio.     (R.  1866) 214 

.;.or  with  increasing  altitude— J.  Hann.    (R.  1877)  823,  898 
..;  rivers  and  streams— H.  G.  Wex.     (R.  1876) 298 

ircular  to,  relative  to  Morgan's  research 188 

I.  of  North  America,  catalogue  of— R.  Obtkn  Sackbn 102,  270 

(•ns  for  collecting  and  preserving — R.  Ostxn  Sagken ^ 102 

,t  ructions  for  collecting — H.  LoKW ;  R.  Ostbn  Sackbv.     (R.  1868)  —     109 

i>f  Arctic  America — S.  H.  Scudder - 842 

'  ra  of  North  America,  monographs  of — 

Parts  i-iii— H.  LoEW 141,  171,  256 

Part  IT— R.  Obtek  Sackxn 219 

Directions  for — 

auroral  observations— J.  Henrt.     (R,  1866) 77 

collecting  and  preserving  diptera — R.  Ostek  Sacken 102 

collecting  and  preserving  fish— T.  H.  Beam.     (P.  1881)  ..i 467,  464 

collecting  and  preserving  insects — A.  S.  Packard 261 

collecting  and  preserving  plants — L.  F.  Ward 460 

collecting  microscopic  organisms — J.  W.  Bailet . 63 

collecting,  preserving,  and  transporting  specimens  of  Diatomacea — A.  M. 

Edwards 366 

collecting,  preserving,  and  transporting  specimens  of  natural  history — 

S.  P.  Baird.     (R.  1866) 91,  34 

constructing  lightning-rods — J.  Henry 237 

earthquake  observations — J.Henry.     (R.  1866) u 77 

meteorological  observations— A.  Guyot;  J.  Henry.     (R.  1866).  77, 19, 148 

Directory  of  officers,  collaborators,  employes,  etc.,  of  the  Smithsonian  Institu- 
tion, National  Museum,  Geological  Survey,  Bureau  of  Ethnology,  and 
Pish  Commission - . 466 

Discourse  on  J.  Henry— S.  B.  Dod 366 

Discovery,  meteorological — P.  L.  Gapen.     (R.  1866) 214 

Discovery  of—  * 

a  Urge  meteorite  in  Mexico— W.  M.  Pierson.     (R.  1878) 276 

planet  Neptune,  report  on  history  of  the — ^B.  A.  Gk)ULD 18 

stone  image  in  Tennessee— £.  M.  Grant.     (R.  1870) 244 
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Bisooyery  relaUve  to  magnetism,  history  of.     (B.  1868) 19T 

IHscussion  of  magnetic  and  meterological  observations  made  at  Girard  College 
ObserTatory — A.  D.  Bache:-^ 

Part  I.  Eleven  year  period,  solar  diurnal  variation 113 

Part  II.  Solar  diurnal  yariation  and  annual  inequality 121 

Fart  III.  Influence  of  moon  on  declination 132 

Farts  ly,  y,  yi.  Horizontal  component  of  magnetic  force,  etc. 162 

Parts  yii,  yiii,  ix.  Vertical  force 17$ 

Parts  X,  XI,  XII.  Dip  and  total  force 186 

Parts  i-xu.    Complete 1S$ 

Discussion  of — 

meteorological  observations — See  Scbott. 

Piazzi's  astronomical  observations — B.  A.  Gould.     (B.  1868) W, 

relations  of  lucernarians  to  other  acalephsB,  beroids,  and  polypi — ^H.  J. 
Clakk 242 

BnelPs  barometric  observations— F.  H.  Loud.     (B.  1880) 442,  €35 

tables  and  charts  of  winds — A.  Wokikof 26? 

Disease  known  as  <<  chorea,"  inquiries  relative  to — S.  W.  Mitchkll.    (B.  1874)  2S$ 

Disease,  origin  and  propagation  of — J.  C.  Daltok.     (B.  1878) Tth 

Diseases  of  joints,  bones,  etc.,  bibliography  of  works  on — 'W,  W.  Kbsit W) 

Dispersion  of  cloud  by  an  electrical  discharge — D.  W.  Kaill.     (B.  1858) H19 

Distinction  between  tornadoes  and  tempests — J.  B.  Lamabck.     (B.  1871) 249 

Distribution  of — 

duplicate  fishes  of  Pacific  coast,  check-list  of — ^D.  S.  Jordan;  P.  L. 
JouY.     (P.  1881) 467 

fishes  of  Alleghany  region  of  South  Carolina,  Georgia,  and  Tennessee-- 
D.  S.  Jordan;  A.  W.  Bratton S06 

forest  trees  in  Montana,  Idaho,  and  Washington — W.  W.  Johnsox. 
(B.  1870) - 244 

forests  and  trees  of  North  America— J.  G.  Cooper.     (B.  1858) 109, 351 

marine  invertebrates  from  National  Museum,  list  of— B.  Bathbuk.    (P. 
1881) 467,465,471 

Smithson  income,  majority  and  minority  reports  of  Committee  of  Events 

on — J.  A.  PsARCE;  J.  Meacham.     (B.  1868) 67,  S2S> 

specimens — See  each  annual  report. 

District  of  Columbia — 

flora  of— L.  P.  Ward.     (P.  1881) 467, 444 

list  of  birds  of— E.  CouEs;  S.  S.  Prentiss.    (B.  1861) Hi> 

meteorology  of— J.  Wissner.     (B.  1857) ^^ 

prehistoric  remains  in— T.  B.  Peale.     (B.  1872) 271 

Ditrema  atripes,  new  embiotocoid  fish  from  coast  of  California — D.  S.  Jorsav  ; 

C.  H.  Gilbert.    (P.  1880) *25 

Documents,  collection  of  historical,  in  Guatemala — C.  H.  Bbrbndt.    (B.  1876)   2?9 
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Bocuments  relative  to  origin  and  history  of  Smithsonian  Institution — W.  J. 

Bhses 328 

Don,  S.  6.     Memorial  discourse  on  J.  Henry ^ ^ 866 

Dodge,  G.  W.     Lightning  discharges.     (R.  1867) 215 

DoDQB,  N.  S.     Memoir  of  C.  Babhage.     (B.  1878) 276 

Dodge,  N.  S.    Memoir  of  Sir  John  F.  W.  Herschel.     (R.  1871) 249 

Dog's  revenge,  a  Dakota  fable— S.  R.  Rioos.     (B.  1879-80) 476 

Dolichopodidae,  monograph  of— H.  Lokw 171 

Domestic  institutions  in  correspondence  with  Smithsonian  Institution,  list  of..  69, 238' 

Domestic  institutions  in  correspondence  with  Smithsonian  Institution,  number 

of 1 _ 290 

Dominant  language  for  science — A.  De  Candolls;  J.  B.  Gray.     (R.  1874)..    286 

Dominica,  catalogue  of  Ober's  collections  of  birds  from — G.  N.  Lawrekce. 

(P.  1878) 882 

Dominica,  new  species  of  TurdidoB  from — G.  N.  Lawrence.     (P.  1880) 426 

DoKATi,  G.  B.     Phenomena  in  telegraphic  lines  during  aurora.     (R.  1872) 271 

Donations  to  library  from  foreign  institutions,  list  of.     (B.  1864) 188 

Doroaoma  cepedianum  heterurum,  (western  gizzard  shad,)  notes  on-^S.  Wil- 

MOT.     (P.  1878) 832 

Dorpat  and  Poulkova,  description  of  observatories  at — C.  Abbe.   (B.  1867)  216,  369 

DoBSEY,  J.  O.    Illustrations  of  method  of  recording  Indian  languages.     (B. 

1879-80)  476 

Dorysomatidse,  notes  on — D.  S.  Jordait -^ 806 

Douglas,  8.  A.,  eulogy  on,  by  S.  S.  Cox.     (B.  1861) 149 

DoiroLASs,  H.  M.    Translation  of  Weismann  on  change  of  Mexican  azolotl. 

(B.  1877) • 823,  401 

DowKES,  J.     Occultations  of  planets  and  stars  by  the  moon,  1863 54 

DowNES,  J.     Occultations  yisible  in  the  United  States,  1848-1852..  8,  9,  10,  11,  29 

Doyle,  W.  £.    Indian  forts  and  dwellings,  Indian  Territory.     (B.  1876) 299 

Drainage,  sanitary,  of  Washington  city,  suggestions  for — G.  B.  Waring 849 

Draper,  H.,  account  of  telescope  of,  by  T.  W.  Webb.     (B.  1864) - 188 

Draper,  H.     Construction  of  silvered  glass  telescope  and  its  use  in  celestial 

photography 180 

Dreutzeb,  O.  B.    Statistics  relative  to  Norwegian  mountains,  lakes,  and  snow 

line.     (B.  1866) —    214 

Drift,  fresh  water  glacial,  of  the  Northwestern  States— C.  Whittlesey 197 

Drilling  in  stone  without  metal— 0.  Bau.     (B.  1868) 224,  440,  372 

Drugs,  classification  of  forms  in  which 'medicines  and,  appear  and  are  adminis- 
tered—J.  M.  Flint.     (P.  1881) -' , 467,  451 

Drugs,  memoranda  for  collectors  of— J.  M.  Flint.     (P.  1881) 467,  452 

Dual  character  of  the  brain.    Toner  lecture  No.  ii— C.  B.  Brown-S^quard  —  291 
DuBT,  P.  A.     Beport  on  transactions  of  Society  of  Physics  and  Natural  History 

of  Geneva,  1861.     (B.  1864) 188 
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Duck,  new  to  North  American  fauna— R.  Ridowat.     (P.  1881) 467 

Dudley,  T.     Earthquake  at  New  Madrid,  Missouri.     (R.  1858) m 

DuFOxnt,  0. ;  Kamtz.    Scintillation  of  the  stars.     (R.  1861) 149 

DvG^,  A.,  notes  on  fishes  collected  by,  in  Mexico — ^T.  H.  Bbak.     (P.  1879] ..  S3^ 

Diro^,  A.,  notes  on  fishes  collected  by,  in  Mexico—D.  8.  Jordak.    (P.  1879).  333 

Duke  of  Northumberland,  account  of 330 

Duke  of  Northumberland,  books  presented  by.     (R.  1859) llu 

Dumas,  J.  B.    Eulogy  on  A.  A.  De  La  Rive.     (R.  1874)  — 256 

DuKCAir,  M.  L.     Translation  of  Holmgren  on  color-blindness.     (R.  1877.)  323, 399 

Dunkirk  Society  for  the  Encouragement  of  Sciences.     Prize  questions.    (R. 

1865;  R.  1873) _ 209,f:' 

DuNNiKG,  E.  O.     Antiquities  in  Tennessee.     (R.  1870) 244 

Duplicate  fishes  distributed  by  Smithsonian—T.  H.  Bban.     (P.  1880) 4^ 

Duplicate  shells  collected  by  the  United  States  Exploring  Expedition  under  C. 

Wilkes 193 

Dufb£,  W.  ;  Henbt,  J.     Earthquakes  in  North  Carolina,  1874.     (R.  1874) ..  286 

DuPBSZ,  F.     Atmospheric  electricity.     (R.  1858) IW 

Dwellings  and  forts,  Indian,  in  Indian  Territory— W.  E.  Dotlk.     (R.  1876)..  2^ 

Dyeing  purple,  ancient  and  modern.    (R.  1868) 1ST 


Earth- 
chemistry  of  the— T.  S.  HuKT,     (R.  1869) 228, 8T6 

electrical  currenU  of  the— C.  Mattsugci.     (R.  1867 ;  R.  1869) 215,  SS 

figure  of  the— St.  M.  Merino.    (R.  1868) 18^ 

internal  structure  of  the — J.  G.  Barkabd 310 

laws  of  atmospheric  circulation  over  the — J.  H.  GoFTnr 26S 

revolutions  of  crust  of  the— G.  Pilar.     (R.  1876) 299 

secular  variation  of  elements  of  orbit  of — J.  N.  Stockwkll 232 

Earthquake — 

at  New  Madrid,  Missouri— T.  Dudley.     (R.  1858) ^^ 

directions — J.Henry.     (R.  1866) — "' 

in  Eastern  Mexico,  January,  1866 — C.  Sartorius.     (R.  1866) ^^ 

in  Peru,  August  18,  1868— J.  V.  Campbell.     (R.  1870) 2i4 

phenomena,  on  observations  of— R.  Mallet.     (R.  1859) ^^^ 

Earthquakes — 

articles  on,  received  by  Smithsonian  Institution  and  deposited  in  Library 
of  Congress.     (R.  1871) 2« 

circular  relative  to— J.  Henry ^^ 
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Sarthquakes — Continued. 

in  Guaiemala^A.  Gaitudas.     (R.  1868) 109 

in  North  Carolina,  1874— W.  Dv  Pb6;  J.  Hbnbt.     (B.  1874) 286 

in  St.  Thomas— G.  A.  Latimeb.     (R.  1867)  — 216 

Earthwork,  double- walled,  in  Ashtabula  county,  Ohio— S.  D.  Peet.     (R.  1876)  299 

Earthworks — 

ancient,  of  Ashland  county,  Ohio— G.  W.  Hill.     (R.  1877) 828 

ancient,  of  Ohio,  sketch  of— I.  Dillb.     (R.  1866) 214 

ancient,  on  upper  Missouri — A.  Babbakdt.     (R.  1870)., 244 

in  Tennessee — J.  Jokes 269 

in  Wisconsin— E.  B.  Ebbed.     (R.  1872) 271 

on  Arkansas  river— Mrs.  G.  Knapf.     (R.  1877) _—  828 

Earthworks — See  Mounds. 

Echinoderms  of  Kerguelen  Island — A.  E.  Vebbill  .. 294 

Echinodenns  of  northeastern  coast  of  America — A.  E.  Vebbill.    (P.  1879; 

P.  1880) 888,  426 

Eclipse — 

annular,  of  May  26,  1864 66 

of  the  sun,  April  26,  1866— Baron  Be  Pbados.     (R.  1864) 188 

of  the  sun,  March  16,  1868,  map  of— T.  Hill 101 

of  the  sun,  July  18,  1860— J.  Lamont.     (R.  1864) 188 

of  the  sun,  September  7,  1868,  in  Peru — J.  M.  Gilliss 100 

Ecliptic,  obliquity  of  the— J.  N.  Stockwell 282 

Economic  geology  of  Trinidad— G.  P.  Wall  ;  J.  G.  Sawkins.     (R.  1866) 91 

Edacation — 

acknowledgment  of  books  on — E.  Laboulayb.     (R.  1867) 216 

in  the  United  States,  project  of  an  outline  history  of— F.  A.  Packabd. 

(R.  1863) _:.  187 

scientific,  of  mechanics  and  artisans — A.  P.  Peabody.     (R.  1872)..  271,  380 

Education,  Illinois  State  Board  of.     Meteorological  system  for  every  State. 

(R.  1866) - 77 

Educational  series  of  marine  invertebrates  distributed  by  United  States  National 

Museum— R.  Rathbuw.     (P.  1881)  — 467,  465,  471 

Edwards,  A.  M.     Directions  for  collecting,  preserving,  and  transporting  dia- 

tomacea - 366 

Edwabds,  a.  M.     Results  of  examination  under  microscope  of  Japanese  infu- 
sorial earths 202 

Edwards,  V.  N.     Occurrence  of  oceanic  bonito  {Oreynus pelamya)  in  Vineyard 

Sound,  Massachusetts.     (P.  1878) — 332 

Edwards,  W.  H.     Diurnal  lepidoptera  of  Arctic  America 842 

Edwards,  W.  H.    On  lepidoptera 133 

Eela,  genitalia  of  male— S.  T.  Oattie.     (P.  1880)  ._ 426 

Effect  of  irritation  of  polarized  nerve— B.  F.  Latttenbach.     (R.  1878)—  841,  411 

Effect  of  lightning— S.  L.  Hillieb.     (R.  1866) 214 

12 
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Effect  of  moon  on  the  weather — J.  Hsnbt.     (B.  1871) 249 

Sgoers,  H.  F.  a.    Flora  of  St.  Croix  and  Virgin  Islands 313 

Egging  expedition  to  Shoal  Lake,  Lake  Winnipeg— D.  Gunk.     (R.  1867) 2l> 

Eggs- 
instructions  for  collecting— S.  F.  Baibd.     (R.  1858) 109, 139 

instructions  for  collecting — A.  Nkwtok 139 

instructions  for  collecting  and  preserving — ^T.  M.  Bbewbb 139 

North  American — T.  M.  Bbxwxb 89 

of  the  eight  Korth  American  species  of  Empidonaees — T.  M.  Bbkwib. 

(P.  1879) 83$ 

suggestions  for  forming  collections  of— A.  Nbwtoii 1S9 

BOLXSTOK,  T. — 

Catalogue  of  minerals  with  their  formulas 156 

Scheme  for  qualitative  determinations  by  blowpipe.     (R.  1872) 271 

translation  by,  of  Brezina  on  crystallography 386 

Egypt,  presentation  of  books  on — R.  Lxpsiub.     (R.  1860) H* 

Elastic  force  of  aqueous  vapor,  table  for  determining — J.  H.  CoFriN ST 

Electric  phenomenon— W.  F.  Given.     (R.  1866) 309 

Electric  resonance  of  mountains,  observations  on — H.  db  Saussubx.     (B.  1868.)  224 

Electrical — 

currents  of  the  earth— C.  Mattbucci.     (R.  1867 ;  R.  1869) 215, 22& 

discharge,  dispersion  of  a  cloud,  by  D.  W.  Kaill,    (R.  1858) 109 

rheometry,  researches  on — A.  Sxcchi ; 36 

Electricity — 

accounts  of  lightning  discharges.     (R.  1867) 21& 

and  galvanism,  report  on  recent  progress  in— J.  Mullbb.    (R.  1857) —  10^ 

and  magnetism,  later  views  of  connection  of — H.  Hxlmholtz  ;  J.  C. 

Maxwell.     (R.  1878) - 2:> 

atmospheric— F.  DuPBEZ.     (R.  1858) 109 

considerations  on.     (R.  1867) 215 

of  atmosphere  and  the  aurora  boreal  is — S.  Lekstbom  ;  A.  A.  De  La 

Rive.     (R.  1874) — 2S6 

of  induction  in  clouds  resolving  into  rain,  snow,  and  hail — ^F.  Zahtx- 

DESCHi.     (R.  1870) 244 

phenomena  accompanying  propagation  of,  in  rarefied  elastic  fluids — ^A.  A. 
Db  La  Rive.     (R.  1868) 

presence  of,  during  fall  of  rain— Prof.  Palmibbi.     (R.  1870) 2« 

report  of  recent  progress  in — J.  Mullbb.     (R.  1866) ^1 

Electro-magnetic — 

seismograph— Prof.  Palmibbi.     (R.  1870) -  214 

telegraph,  Henry's  contribution  to— W.  B.  Tatlob.     (R.  1878) 841,405 

telegraph — See  Henry ;  Telegraph. 

Electro-physiology,  lectures  on — C.  Mattbucci.     (R.  1865) ^ 
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Electrotypes  of  engravings  of  shells  granted  by  British  Museum.     (R.  1866)  ..    187 

Elements,  table  of  chemical  equivalents  of.     (R.  1864) 188 

Elephant  mound  in  Grant  county,  Wisconsin — J.  Warner.     (R.  1872) 271 

Ellert,  R.  L.  J.    Address  of  the  President  of  the  Royal  Society  of  Victoria. 

(R.  1868) - 224 

Ellst^  C.     Physical  geography  of  Mississippi  valley 13 

Elliot,  D.  G.     Classification  and  synopsis  of  TroehUidce 317 

Elliot,  D.  G.    List  of  described  species  of  humming  birds 334 

Elliott,  R.  8.    Climate  of  Kansas.    (R.  1870) 244 

Ellsworth,  B.  W.     Ancient  implement  of  wood  fW>m  Connecticut.    (R.  1876)  299 

Embarrass,  Wisconsin,  pits  at— E.  E.  Brkkd.     (R.  1877) 828 

Embryology  of  insects — L.  Aqassiz 16 

Empidonacea,  notes  on  nests  and  eggs  of  the  eight  North  American  species  of — 

T.  M.  Brswkr.    (P.  1879) 888 

Employ^  of  Smithsonian  Institution,  National  Museum,  Geological  Survey, 

Bureau  of  Ethnology,  and  Fish  Commission,  directory  of 466 

Encke,  J.  P.,  memoir  of,  by  G.  Haqek.     (R.  1868)  — 224 

Ekdlich,  F.  M. — 

Analysis  of  water  destructive  to  fish  in  Gulf  of  Mexico.     (P.  1881) 467 

Geology  of  Kerguelen  Island . 294 

List  of  minerals  in  National  MuseunT,  1878, 1879.   (R.  1878 ;  P.  1880)  276,  426 

Endothyra  ornata,  note  on— 0.  A.  Whitk.     (P.  1879) 888 

Ekqslhardt,  M.    Formation  of  ice  at  the  bottom  of  water.     (R.  1866) 214 

E.voELMANW,  G.     Heights  of  mountains  in  Colorado.     (R.  1862) 160 

Engineers,  Civil,  London  Institution  of.     Prize  questions.     (R.  1862) 160 

England — 

abbreviations  used  in — W.  De  La  Rue.     (R.  1867) 216 

free  freights  between  the  United  States  and — £.  Cunard.     (R.  1869) 110 

Salisbury,  notice  of  Blackmore  Museum  at.     (R.  1868) 224 

English  and  French  weights  and  measures — See  Tables. 

English  vocabulary  with  comparative  words  in  Spanish,  French,  and  Latin 170 

Engravings — 

of  shells,  electrotypes  of,  granted  by  British  Museum.     (R.  1868) 187 

on  the  face  of  rocks  in  the  Sierra  Nevada — J.  G.  Bruff.     (R.  1872)  ...    271 

presented  to  Smithsonian  Institution,  catalogue  of — C.  B.  Kiko.  (R.  1861.)    149 

Entomologists,  circular  to . 178 

Entomologists,  instructions  to 261 

Eocene  and  oligocene  invertebrate  fossils  of  North  America,  check-list  of — T. 

A.  CONBAD 20O 

EoFP,  J.     Habits  of  black  bass  of  the  Ohio.     (R.  1864) 76 

Epbemeris  of  the  planet  Neptune,  1848-1862— S.  C.  Walker 4,  5,  6,  7,  24 

Epinephelus  Drummond-Hayi,  a  new  serranoid  fish  from  the  Bermudas — G.  B. 

Goods;  T.  H.  Bran.    (P.  1878) 882 
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Epinephelus  nigritiis  of  the  southern  coast,  note  upon — 6.  B.  €k>ODE;  T.  H. 

Bkan.     (P.  1878) S32 

Equilibrium  of  a  liquid  mass  withdrawn  from  the  action  of  gravity— &<  J. 
Plateau. 

Equinoxes,  precession  of  the — J.  G.  Barnard 240 

Equinoxes,  precession  of  the — J.  N.  Stockwkll .— . 23f 

Equivalents,  chemical,  of  sixty-three  elements,  table  of.     (R.  1864) \^ 

Ernst,  O.  A.     Meteorology  of  Caracas,  South  America.     (R.  1867) 215 

Erosions  of  the  earth's  surface  by  rivers,  etc. — £.  Hitchcock 90 

Eruption  of  volcano  in  Nicaragua — A.  B.  Dickinson.     (R.  1867) 215 

Eruption  of  volcano  of  Colima — C.  Sartoriits.     (R.  1869) 22J 

Bryontidae,  notice  of  recent — S.  I.  Smith.     (P.  1879) S-ts 

BsPT,  J.  P.,  notice  of,  by  A.  D.  Bache.     (R.  1859) 11^ 

Espy,  J.  P.    On  meteorology.     (R.  1847) H 

Essay  on  geographical  distribution  of  batrachia  and  reptilia — E.  D.  Cops 292 

Essay  on  velocity  of  light^C.  Dblaitnay.     (R.  1864) 188,354 

Establishment  and  officers  of  the  Smithsonian  Institution  and  National  Kuseam.  449 

Establishment  of  the  Smithsonian  Institution,  Journal  and  By-Laws  of.    (R. 

1858) . i 67,S?i 

EsTKS,  L.  0.     Antiquities  of  Minnesota,  Mississippi  river,  and  Lake  Pepin. 

(R.  1866) - 214 

Estimate  of  population  of  the  world — ^E.  Maillt.     (R.  1878) . ^''^ 

Etheostomatidss,  notes  on — D.  S.  Jordan ^ »— ^ —   SW 

Ethmocardium,  note  on— 0.  A.  White.     (P.  1879) -  531 

Ethnographical — 

collections— T.  Lyman.     (R.  1862) 1» 

collections— H.  be  Schlaqintweit.'    (R.  1862) IJ*^ 

collections,  the  Schlagintweit — ^H.  Zisoekbals.    (R.  1867) 21> 

Ethnological — 

collections  of  museum  at  Lausanne,  report  on — F.  Troyon.    (B.  1861).   1^^ 

department  of  the  French  Exposition,  1867.     (R.  1867) -15 

map  of  North  America,  suggestions  relative  to — L.  H.  Morqan.   (R.  1861)   I^'^ 

map  of  the  United  States— G.  Gibbs.     (R.  1862) ^'^ 

memoir  of  Squier  and  Davis,  correspondence  relative  to  acceptance  of, 
for  publication ^ 

museum  of  Norway— L.  K.  Daa.     (R.  1862) i* 

research— E.  H.  Davis.     (R.  1866) -^^ 

specimens  presented  by  University  of  Ghristiania,  Norway.    (B.  1863)..   1^» 

suggestions  for  Russian  America — G.  Gibbs *'• 

Ethnology  and  archeology,  circular  relative  to  collections  in ^^ 

Ethnology  and  philology,  instructions  for — G.  Gibbs "^ 

Ethnology,  articles  on.     (R.  1867-1870-1877, 1879,  1880)  215,  244,  249, 271, 275, 3^- 

298,  299,  328,  845,  ^ 
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Ethnology — 

Leipsic  Museum  of— O.  T.  Mason.     (R.  1873) 275 

of  Arctic  America — L.  Kumlisn 842 

of  Colonia  Tovar,  Venezuela,  South  America — A.  Fkndlkr.     (R.  1867)  107 

of  Indians  of  Red  river  of  the  North— W.  H.  Gabdnxr.    (R.  1870) 244 

physical,  lectures  on — D.  Wilson.     (R.  1862) 160 

present  state  of,  in  relation  to  form  of  human  skull — A.  Retzivs.     (R. 

1859) . ^..  110 

m 

Ethnology,  Bureau  of — 

catalogue  of  linguistic  manuscripts  in  lihrary  of — J.  C.  Filling.     (E. 

1879-80) _ 476 

directory  of  officers  and  employ^  of 466 

first  annual  report  of— J.  W.  Powell 476 

Euchaliffodus  Putnami,  identity  of,  with  PUuronecies  glaber — T.  H.  Bean. 

(P.  1878)  — — ._ _ 882 

Eulachon  or  candle  fish  of  northwest  coast — ^J.  G.  Swan.     (P.  1880) 425 

Eulogy  on — 

Ampere,  by  F.  Arago.     (R.  1872). _. , 271 

*     A.  D.  Bache,  by  J.  Henry.     (R.  1870) —  244,  379 

A.  A.  De  La  Rive,  by  J.  B.  Dumas.     (R.  1874) 286 

Stephen  A.  Douglass,  by  S.  S.  Cox.     (R.  1861)  -._ - 149 

Cornelius  C.  Felton,  by  T.  D.  Woolsey.     (R.  1861) - 149 

Joseph  Fourier,  by  F.  Araoo.     (R.  1871)  __ , 249 

Herschel,  by  F.  Arago.     (R.  1870) — _.  244 

Gay-Lussac,  by  F.  Arago.     (R.  1876) 299 

La  Place,  by  F.  Arago.     (R.  1874) 286 

Quetelet,  by  A.  Mailly.     (R.  1874) 286 

James  A.  Pearce,  by  A.  D.  Bache.     (R.  1862) 160 

Gen.  J.  G.  Totten,  by  J.  G.  Barnard.     (R.  1865) 209 

Alexander  Volta,  by  F.  Arago.     (R.  1875) 298 

Henry  Wilson,  by  P.  Parker.     (R.  1875) 298 

Thomas  Young,  by  F.  Arago.     (R.  1869) - 228 

Eulogy — See  Memoir,  Life,  Biography. 

Europe — 

causes  which  limit  vegetable  species  towards  the  north,  in — A.  De  Can- 

DOLLE.     (R.  1868) - 109 

certain  storms  in  America  and,  December,  1886 — £.  Loomis 127 

man  as  the  contemporary  of  the  mammoth  and  reindeer  in.     (K.  1867) 215 

study  of  high  antiquity  in— A.  Morlot.     (R.  1862;  R.  1864) 150,  188 

Europe,  middle,  fauna  of,  during  stone  age — L.  Rutimeyer.     (R.  1861) 149 

Etaks,  J.    Climate  of  Colorado.     (R.  1865) 209 

Evans,  S.  B.     Notes  on  mounds  in  Des  Moines  valley.     (R.  1879) 845 

Evaporation  in  Florida— -W.  C.  Dennis.     (R.  1866) 214 
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Svaporation  observed  at  Palermo  in  1866  and  1866 — P.  Tacchuvi.    (R.  1870 )  244 

Eybbstt,  E.    Report  on  Jewett's  general  stereotype  catalogue  of  public  libraries.  47 

Byerett,  E.     Report  on  organization  of  Smithsonian  Institution.    (B.  1858.)  6? 

Everett,  J.  D.     Under-ground  temperature.     (R.  1874) —  286 

Evolution  of  language— J.  W.  Powell.     (E.  1879-80) 476 

Ezamination — 

microscopical,  of  soundings — J.  W.  Bailet 20 

of  J.  Henry  by  English  Scientific  Commission S29 

of  specimens,  rules  for.     (R.  1880) 442 

of  Spencer's  telescope  for  Hamilton  College.     (R.  1855) 77 

Excelsior,  Minnesota,  mounds  near — F.  H.  Nutter.     (R.  1879) $45 

Exchange  of  publications — 

Agricultural  Association  of  Milan.     (R.  1868) 137 

Chamber  of  Commerce  of  Bordeaux.     (R.  1868) i-   187 

Royal  Horticultural  Society,  Loudon.     (R.  1861) 145 

Exchange  of  specimens — 

Hamburg  Zoological  Gardens.     (R.  1867) 215 

Hamilton  College,  Clinton,  New  York.     (R.  1861) 149 

W.  A.  Lloyd.    (R.  1867) i:i> 

Museum  of  National  University  of  Greece.     (R.  1867) 21S 

University  of  Costa  Rica.     (R.  1867) 21o 

Exchanges — 

American  Academy  of  Arts  and  Sciences,  Boston,  thanks  for.    (R.  1856; 
R.  1867) 77,21> 

Bath  and  West  of  England  Society  for  Encouragement  of  Agriculture, 
Arts,  etc.     {R.  1867) - 215 

circular  relative  to  scientific  and  literary 324 

Government  of  Bremen.     (R.  1866) 209 

W.  HiNCKfi.     (R.  1860) — H" 

international,  report  on — G.  H.  Boehbier ♦'^ 

list  of.     Parts  I,  ii 73,85 

list  of,  to  1868 - - 11' 

Mexican  Society  of  Geography  and  Statistics.     (R.  1861,  1866) H9,2li^' 

Mining  Department,  Melbourne.     (R.  1865) 20tf 

P.  MiJLLER.     (R.  1860) - ^   1^' 

reports  on.     (R.  1853-1867,  1878) 67,  75,  77,  91,  107, 109,  110, 147, 149. 

150,  187,  188,  209,  214,  216, 27 ' 

J.  RosiKG.     (R.  1865) — 209 

Royal  Academy  of  Science,  Madrid.     (R.  1861) -   ^^^ 

St.  Petersburg  Academy  of  Sciences.     (R.  1867) ^^^ 

statistics  of,  1846-1877 - ^ 

Excursion  in  Now  Mexico,  diary  of— J.  H.  Carleton.     (R.  1864)  _ '^ 

Executive  Committee  of  Regents — See  also  each  annual  report. 
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Executive  Committee  of  Regents,  journal  and  reports  of,  1846-1876 82d 

Exhibit  by  the  Smithsonian  Institution  at  Centennial  Exhibition,  report  on 

proposed  plan  of— S.  F.  Baibd.     (R.  1876) 298 

Exhibit  of  fisheries  of  United  States  at  Berlin  Fisheries  Exhibition— <}.  B. 

GooDK 1 413 

Exhibition,  Centennial,  report  on— S.  F.  Baird.     (R.  1876) 299,  307 

Expansion,  bibliography  of— F.  W.  Clarke « 265 

Expansion  by  heat,  tables  of— F.  W.  Clarke 289 

Expedition — 

Coast  Survey,  for  transatlantic  longitude— B.  A.  Gould 228 

Hassler,  narrative  of  the — L.  Agassiz.     (R.  1872) 271 

North  Pacific  Surveying,  contributions  to  natural  history  made  in  con- 
nection with  the — ^T.  H.  Streets 803 

to  Arctic  Seas — See  Hayes,  Kane,  McClintock. 

to  Kerguelen  Island — J.  H.  Kiddrr  and  others 298,  294 

to  Lake  Winnipeg— D.  Gunn.     (R.  1867) 215 

to  Mexico,  scientific.     (R.  1864) 188 

to  the  Mauvaises  Terres  and  Upper  Missouri — T.  A.  Culbertsok.     (R. 

1860) — * 28 

toward  the  North  pole,  scientific  instructions  for — J.  Henry  and  others. 

(B.  1871) 249 

Expeditions,  account  of — See  each  annual  report. 

Expeditions  contributing  specimens,  list  of — S.  F.  Baird.     (R.  1867) 215 

Experimental  and  theoretical  researches  on  figures  of  e(^uilibrium — See  J.  Plateau. 

Experiments — 

on  aneroid  barometers  at  Kew  Observatory — B.  Stewart.     (R.  1868)  ..  224 

relative  to  meteorites— G.  A.  Daxtbr^b.     (R.  1868) 224 

upon  animal  heat  of  fishes — J.  H.  Kidder.     (P.  1879) 888 

Explanation  of  principles  of  crystallography  and  crystal lophysics — A.  Brezika. 

(R.  1872) _ 271,  386 

Exploration  of  ancient  mounds  in  Union  county,  Ky. — S.  Lyon.     (R.  1870)  ..  244 

Explorations — 

among  Indian  mounds  in  southern  Florida — S.  T.  Walker.     (R.  1879.)  845 

and  surveys,  €k)vernment,  report  of— S.  F.  Baird.     (R.  1878) 841 

Arctic,  lecture  on— I.  I.  Hayes.     (R.  1861) —  149 

articles  on — See  each  annual  report. 

botanical,  in  New  Mexico  and  California,  account  of — A.  Gray.     (R. 

1849) 21 

furnishing  collections  to  National   Museum,  1888-1877,  list  of— S.  F. 

Baird.     (R.  1877) - 828 

in  Central  America— C.  H.  Berendt.     (R.  1867)  -.1 216 

in  Greenland— L.  Kumlieh.     (R.  1878) 841 

in  New  Mexico  and  Ariaona— J.  Stevenson.     (R.  1880) 442 
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Xxploratio&B — Continued. 

in  New  York— E.  G.  Squikb 15 

in  Tennessee— -E.  A.  Datton.     (R.  1870) 244 

in  upper  California  in  1860— J.  Fsilneb.     (R.  1864) 18S 

Kennicott's — Huimon '8  Bay  Company.     (R.  1863) 187 

of  aboriginal  remains  of  Tennessee — J.  Jokxs 259 

of  the  Nile— C.  Hale.     (R.  1866) 209 

of  western  Missouri  in  1864— P.  R.  Hoy.     (R.  1864) 188 

of  John  Xantus  in  Mexico— M.  Romero.     (R.  1862) 150 

on  western  coast  of  North  America — ^W.  H.  Dall.    (R.  1878) 275* 

reporto  on— S.  F.  Baird.     (R.  1861-1866,  187^1877)—  61,  67,  76,  77,  91, 107 

109, 110, 147,  149,  160,  187,  188,  209,  214,  298,  299,  32$ 

scientific,  in  America,  in  1862— S.  F.  Baird.     (R.  1862) 57 

scientific,  in  Mexico.     (R.  1864) — . 1® 

Exploring  expedition  under  Capt.  C.  Wilkes,  duplicate  shells  collected  by  the.  193 

Explosibility  of  coal  oils— Z.  Allen.    (R.  1861) 14» 

Explosiveness  of  nitre — R.  Hare — — 1^ 

Exposition  of  harmonies  in  the  solar  system — S.  Alexander ^..^ 280 

Exposition — See  French. 

Expression  for  anthropological  inquiry,  queries  about — C.  Darwin.    (R.  18(7)    215 

External  appearance  of  the  sun's  disk.    (R.  1866) 214 

Extinct- 
mammalia  and  chelonia  of  Nebraska— J.  Leidy — — SB 

reptiles — J.  Leidy •. : 192 

sloth  tribe  of  North  America — J.  Leidy ^* 

species  of  American  ox — J.  Leidy —  *^ 

Eye,  bibliography  of  diseases  of  the — W.  W.  Keen 300 
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Facts  respecting  Liberia  College — ^A.  Cbvmmill.     (R.  1861) « 149 

Fahrenheit's  scale,  tables  for  conversion  of  centigrade' degrees  to.     (B.  1863)  ..  187 

Families — 

of  fishes,  arrangement  of— T.  Gill 247 

of  mammals,  arrangement  of — T.  Gill 230 

of  raollusks,  arrangement  of — T.  Gill 227 

'Family,  human,  systems  of  consanguinity  and  affinity  of — L.  H.  Morqan 188,  218 

Fanning  Islands,  natural  history  of— T.  H.  Streets 308 

Faraday,  M.,  his  life  and  works— A.  A.  De  La  Rive.     (R.  1867) 21& 

Fablow,  W.  G. — 

Algas  of  Arctic  America 842 

Algae  of  Kerguelen  Island  — 294 

Recent  progress  in  botany,  1879,  1880.     (R.  1880) 442,  430 

Report  on  water  from  Gulf  of  Mexico.     (P.  1881) 467 

Fanning  and  gardening,  natural  history  as  applied  to— -J.  G.  Morris.     (R.  1855.)  77 

Faroe  Isles,  vegetable  colonization  of— C.  Martinb.     (R.  1868) 109 

Farquharson,  R.  J.     Study  of  skull  and  long  bones  from  mound  in  Illinois. 

(R.  1874) 286 

Fauna — 

and  flora  within  living  animals — J.  Leidy 1 44 

littoral  marine,  of  Provincetown,  Mass. — R.  Rathbuk.     (P.  1880) 426 

of  middle  Europe  during  the  stone  age — L.  Rutimsyer.     (R.  1861) 149 

of  Nebraska,  ancient — J.  Leidy 5B 

Favre,  a.     Report  on  transactions  of  Geneva  Society  of  Physics  and  Natural 

History,  July,  1876,  to  June,  1877.     (R.  1877) 328 

Favre,  E.     Biographical  notice  of  Louis  Agassiz.     (R.  1878) 841 

Feeling,  sense  of.     (R.  1866) 209 

Fkilner,  J.     Explorations  in  upper  California  in  1860.     (R.  1864) 188 

Feldspar,  determination  of,  in  thin  sections  of  rocks — G.  W.  Hawes.  (P.  1881)  467 

Felton,  C.  C,  eulogy  on,  by  T.  D.  Woolsey.     (R.  1861) n  149 
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Fendler,  A.,  botanical  explorations  by,  in  New  Mexico  and  California — A. 
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• 


186  ALPHABETICAL  INDEX 

Ferns,  aoknowledgment  for — G.  Hbttxkius.     (R.  1862) 150 

FxBBSL,  W.    Converging  series  expressing  ratio  between  diameter  and  cir- 
cumference of  a  circle 233 
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questions  relative  to — 8.  F.  Baird 234 

Fishkill,  New  York,  deposit  of  arrow-heads  near — E.  M.  Shepasd.     (R.  1877.)  323 
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Flachenecker,  G.     Indian  languages.     (R.  1862) 150 

Fladoate,  Clarke,  and  Finch.    Smithson's  residuary  legacy.     (R.  1861.)  149,  328 

Flamingo  from  south  Florida,  specimens  of— G.  Wurdeman.     (R.  1860) 147 
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Fund,  Smithson,  memorial  of  Regents  to  Congress  relative  to.     (R.  1860) 28 
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Gallery,  Art — See  Corcoran. 

Galt,  F.  L.     Indians  of  Peru.     (R.  1877) ~  S2S 

Galvanism,  recent  progress  in.     J.  Muller.     (R.  1866) "' 
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progress  in,  in  1879, 1880^-0.  W.  Hawss.     (R.  1880) 442, 42B 
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description  of  fishes  of  Alleghany  region  of — D.  S.  Jordax;  A  W. 
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GephyrsBa  of  northeast  coast  of  America — A.  B.  Yerbill.     (P.  1879) ^ 
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Glyptocephalus  cynoglossus  on  coast  of  North  America — G.  B.  Goodb;  T.  H. 
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flounders  and  genus  related  to  Merlueius.     (P.  1880) *^ 
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Mason  county,  antiquities  of— J.  Coohrake.     (R.  1877) 828 

Mercer  county,  ancient  mounds  of— T.  Mo Whorser.     (R.  1874) 286 

Pike  county,  mounds  in — B.  Mitchell.     (R.  1879) 846 

Rock  Bluff,  description  of  human  skull  from — J.  A.  Meigs.     (R.  1867.)  216 

Rock  Island,  shell>bea  skull  from— A.  S.  Tivvant.     (R.  1874). 286 

Rock  Island  county,  mounds  in — T.  Thompson.     (R.  1879) 846 

Rock  Island  county,  antiquities  of^A.  Toellnbr.     (R.  1879) 846 

Rock  river  valley,  mound  builders  in — J.  Shaw.     (R.  1877) 828 

Spoon  river  valley,  mounds  in— W.  H.  Adams.     (R.  1879) 846 

southern,  agricultural  flint  implements  in — 0.  Rait.     (R.  1868.)  224,  440,  370 

Union  county,  antiquities  of — T.  M.  Pebrike.     (R.  1878) 276 

Union  county,  mounds  in,  near  Anna — T.  M.  Perrike.     (R.  1872) 271 

Whitesides  county,  antiquities  of— W.  H.  Pratt.     (R.  1874) 286 

Illinois  Board  of  Education.    Meteorological  system  for  every  State.     (R.  1866.)  77 

Illuminating  materials,  investigation  of— J.  Henrt.     (R.  1880) 442,  389 

niustrations  of  method  of  recording  Indian  languages — J.  O.  Dobset  ;  A.  S. 

Gatschbt;  8.  R.  RioGTb.     (E.  1879-80) 476 

Illustrations  of  surface  geology — E.  Hitchcock 90 

Image,  stone,  in  Tennessee,  account  of  discovery  of—- B.  M.  Gbakt.     (R.  1870.)  244 

Imperial  Academy  of  Sciences,  Belles-lettres,  and  Arts,  of  Bordeaux.     Prize 

questions.     (R.  1868) — 224 

Imperial  Academy  of  Sciences,  Vienna.  Prize  questions.  (R.  1864;  R.  1866.)  188,209 

Imperial  Geological  Institute,  Vienna,  tertiary  fossils  presented  by.     (R.  1868.)  187 

Imperial  Library  of  Vienna,  books  presented  by.     (R.  1866) — .. . .  209 

Imperial  Society  of  Natural  Sciences  of  Cherbourg.    Prize  questions.    (R.  1 864. )  188 

Imperial  Society  of  Science,  Agriculture,  and  Arts  of  Lille.    Prize  questions. 

(R.  1866) 209 

Implement,  wood,  ancient,  found  in  Connecticut — E.  W.  Ellsworth.     (R. 

1876) - 299 

Implements — 

agricultural.  North  American  stone  period — C.  Rau.     (R.  1868) 187,  440 

flint,  agricultural,  in  southern  Illinois— C.  Rau.     (R.  1868) 224,  440,  370 

flint,  deposits  of,  in  Illinois— J.  F.  Snyder.     (R.  1876) 299 

flint,  in  Holmes  county,  Ohio— H.  B.  Case.     (R.  1877) 828 

stone.  North  American— 0.  Rau.     (R.  1872) 271,  440,  382 

Improvements,  recent,  in  chemical  arts — J.  C.  Booth;  C.  Mobvit .^  27 

Income,  majority  and  minority  reports  on  distribution  of — J.  A.  Peabce;  J. 

Meacham.    (R.  1868) 67,  829 
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Incorporation,  act  of,  of  Smithsonian  Institution — See  Congress. 

Index-catalogue  of  books  and  memoirs  on  nebuln  and  clusters — B.  S.  Holdiv.  311 

Index — 

of  genera  of  birds — S.  F.  Baibd 108 

of  Smithsonian  publications . 47^ 

systematic  and  alphabetical,  of  publications  of  the  Smithsonian  Institu- 
tion to  July,  1869.     (R.  1868) 224 

systematic,  to  list  of  foreign  correspondents ^ 257 

to  genera  of  recent  and  fossil  animals — S.  H.  Scuddkr 470 

to  names  applied  to  subdivisions  of  class  Brachiopoda — W.  H.  Dall  ....  804 

to  North  American  botany — S.  Watsok ^ 258 

to  papers  on  anthropology  published  by  Smithsonian  Institution,  1847- 
1878--G.  H.  BOEHMEB.     (R.  1879) 845,421 

Indian — 

boys  and  girls  at  Hampton  Normal  Institute,  Ya.,  catalogue  of  casts  of 

heads  of— R.  H.  Pratt.     (P.  1879) JS3 

burial  in  California—W.  M.  Kikq.     (R.  1874)  .u » 

conjurer's  practice,  details  of— A.  S.  Gatsohst.     (B.  1879-80) 4> 

engravings  on  rocks  along  Green  river  valley — J.  G.  Bruff.    (B.  1872.)  Ti\ 

forts  and  dwellings,  Indian  Territory— W.  B.  Doylk.     (R.  1876) ^ 

history,  notes  on— P.  V.  Hayden.     (R.  1867) -  '1^ 

languages — G.  Plachbnecker.     (R.  1862) 1*' 

languages,  method  of  recording — J.  O.  Dorsby;  A.  S.  Gatbchit;  S. 
R.  RiQOs.     (E.  1879-80) .  ^'^ 

languages— Sf«  G.  Gibbs,  P.  L.  O.  Roehrig,  S.  R.  Riggs,  J.  G.  Shea,  \ 
L.  Hardisty. 

linguistics,  account  of  library  of— J.  G.  Shea.     (R.  1861) M» 

linguistics,  recommendation  of  Shea's — G.  Gibbs  and  others.    (R.  18$0.)   149 

mode  of  making  arrow-heads  and  obtaining  fire — G.  Crook.    (B.  1871.'  24!^ 

mounds  in  southern  Plorida,  explorations  of— S.  T.  Walkbb.    (B.  1879)  ^ 

mounds  near  Port  Wadsworth,  Dakota — A.  J.  Comfort.    (R.  1871)  —  *^^ 

philology— W.  W.  Turner.    (R.  1851) -    '"^^ 

photographs,  catalogue  of-- —  216 

portraits  and  sketches  of  scenery,  catalogue  of — J.  H.  Stanley ^ 

portraits,  report  of  Committee  of  Regents  on  Stanley's  gallery  of.  ( R.  1857^   10. 

pottery— C.  Rau.     (R.  1866) 214, 440, 368 

prisoners  at  St.  Augustine,  Plorida,  catalogue  of  casts  of  heads  of— B. 
H.  Pratt.     (P.  1878) ._ . —  ^St 

relics,  catalogue  of  cabinet  of,  presented  by  J.  H.  Devereux.    (B.  1872.)  -<^ 

relics  from  Schoharie,  New  York — P.  D.  Andrews.     (R.  1879) ^ 

remains  in  Caddo  parish,  Louisiana — T.  P.  Hotohkibs.     (R.  1872) ^^ 

remains  in  Red  River  Settlement,  Hudson's  Bay  Territory — D.  Oinni- 
(R.  1867) -*  ^^ 
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Indian — Continued 

remains  near  Prescott,  Canada  West-— W.  E.  Quxst.     (R.  1866) 91 

tribes,  cessions  of  land  by,  to  United  States— C.  C.  Botce.    (B.  1879-80)  476 

tribes  of  upper  Missouri— T.  A.  Culbsbtsok.     (B.  1850) —  28 

village  (Kushkushkee)  near  Newcastle,  Pennsylvania. — E.  M.  McCon* 

HELL.     (R.  1871) - 249 

vocabularies— G.  GiBBS.     (R.  1862) __ 160 

vocabularies  received  from  the  Wheeler  survey,  list  of— G.  Gibbs.     (R. 

1874) _ 286 

Indian  Ocean,  cyclone  in  the— N.  Pike.     (R.  1867) 216 

Indian  Territory,  Indian  forts  and  dwellings  in— W.  E.  Doyle.     (R.  1876),..  299 

Indiana — 

Allen  county,  antiquities  of— R.  8.  Robebtbon.     (R.  1874) 286 

ancient  burial  mound  in — W.  Pidgeon.     (R.  1867) 216 

De  Kalb  county,  antiquities  of— R.  S.  Robsbtbox.     (R.  1874) ....  286 

Franklin  county,  mounds  in — E.  R.  Quick.     (R.  1879) 846 

Knox  county,  antiquities  of— A.  Pattoh.     (R.  1873) 276 

La  Porte  county,  antiquities  of— R.  8.  Robebtson.     (R.  1874) 286 

Rush  county,  mounds  in — F.  Jackman.     (R.  1879) 846 

tornado  in— J.  Chappslsmith 59 

Indians — 

aboriginal,  of  America,  language  of— G.  GibBS.     (R.  1870) 244 

Cree,  system  of  relationship  of— E.  A.  Watkins.     (R.  1862) 160 

Dakota  or  Sioux,  language  of— F.  L.  O.  Roshbio.     (R.  1871) 249 

Haidah,  of  Queen  Charlotte's  Islands,  British  Columbia — J.  G.  8wan-.  267 

Kutchin  tribes— 8.  Jones.     (R.  1866) 214,  865 

liouoheux— W.  L.  Habdisty.     (R.  1866) 214,  866 

Makah— J.  G.  8wan 220 

mortuary  customs  of— H.  C.  Yabbow.     (E.  1879-80) 476 

mythology  of— J.  W.  Powell.     (E.  1879-80) 476 

Navajo,  sketch  of  the — J.  Lbttbbman.     (R.  1866) 77 

of  British  America,  account  of— B.  Pbtitot.     (R.  1866) 209 

of  Cape  Flattery,  Washington  Territory— J.  G.  8wan 220 

of  Peru— F.  L.  Galt.     (R.  1877) 828 

of  valley  of  Red  River  of  the  North,  ethnology  of— W.  H.  Gabdneb. 

(R.  1870) -^- - 244 

of  western  Nevada  and  California,  Centennial  mission  to— S.  Powebs. 

(R.  1876) - — - 299 

Pima,  of  Arizona— F.  E.  Gbossman.     (R.  1871) - 249 

Quillehute.     Method  of  taking  surf  smelt— J.  G.  8wak.     (P.  1880) 426 

sign  language  of— G.  Mallebt.     (E.  1879-80) 476 

Sioux  or  Dakota— A.  G.  Bbackktt.     (B.  1876) 299 

Sioux  or  Dakota,  language  of— F.  L.  O.  Boehbig.     (B.  1871) 249,  378 
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Indians — Oonti  nued. 

Tinneh  or  Chepewyan,  of  British  and  Russian  America^-G.  Qibbs  and 
others.     (R.  1866) 214,365 

uses  of  brain  and  marrow  of  animals  by — ^T.  R.  Pxalx.    (R.  1870)  . —   244 

Indians — See  California,  Gape  Flattery,  Carib,  Dakota,  Haidah,  Nevada,  Kut- 
chin,  Loucheux,  Makah,  Mandan,  Maya,  Navajo,  Peru,  Portraits,  Bed 
River  of  the  North,  Shoshone,  8iouz,  Tinneh,  Tonto. 

Induction  and  deduction — J.  yon  Liebig.     (R.  1870) 244 

Induction,  electricity  of,  in  clouds — F.  Zantedxschi.     (R.  1870) 244 

Inflammation  in  arteries  after  ligature,  acupressure,  and  torsion.  Toner  lec- 
ture No.  VII — E.  O.  Shakkspsabe 321 

Influence  of  aurora  on  the  telegraph — W.  D.  Sarqbnt.     (R.  1870) ^ 244 

Influence  of  rain  upon  the  barometer — J.  Hann.     (R.  1877) 828. 3'> 

Infusoria — J.  W.  Bailey 23 

Infusorial  earths,  examination  of— A.  M.  Edwards 202 

iNQBBSOLt,  E.     Fish  mortality  in  Gulf  of  Mexico.     (P.  1881) 407 

Inquiries  relative  to  crawfish  and  other  Crustacea 319 

Inquiries  relative  to  disease  known  as  chorea — S.  W.  Mitchbll.     (R.  1874) ..  2^ 

Inquiry  relative  to  food-fishes  of  United  States — 8.  F.  Baibd 231 

Insect  instincts  and  transformations,  lecture  on — J.  G.  Horbis.     (R.  1855) —     '* 

Insects — 

arsenic  acid  for  protecting  i^natomical  preparations  from — J.  B.  S.  Jack- 
son.    (P.  1878) * 382 

circular  concerning  the  department  of— S.  F.  Baibd .._ ^ 

classification  of,  from  embryological  data — L.  Agabsiz 1^ 

dates  of  first  appearance  of— F.  B.  Hough in- 
directions for  collecting  and  preserving — A.  S.  Packard 361 

instructions  for  collecting— S.  F.  BAird.     {R.  1868) 1^9 

of  Arctic  America — L.  Kumlibn ^- 

of  Kerguelen  Island — C.  R.  Ostbn  Sacken  ;  H.  A.  Haqbn 2M 

Installation  of  collections  in  National  Museum,  plans  for — G.  B.  Goodb.    (P. 

1881) 467,472 

Instincts  and  transformations  of  insects,  lecture  on — J.  G.  Mobbis.    (R  1B65)  TT 

Institute  of  Bologna,  Academy  of  Sciences  of  the.     Prise  questions.    (B.  1862.)  1^^ 

Institute  of  France,  historical  sketch  of,  by  M.  Flourbnb.     (R.  1862) 1^ 

Institute  of  Rupert's  Land,  circular  of.     (R.  1861) - ^^ 

Institute,  Royal  Scientific  and  Literary,  of  Lombardy.    Prize  questions.    (R. 

1866) _ -.. ^ 

Institution  of  Civil  Engineers,  London.     Prize  questions.     (R.  1862) 1-^^ 

Institutions — 

domestic,  in  correspondence  with  Smithsonian  Institution,  list  of.    (K. 
1868) 67,  fi9,  »B 

foreign,  in  correspondence  with  Smithsonian  Institution,  list  of.    (B* 
1864 ;  R.  1866) 188,  209,  64,  154,  225,  243,  309, 469 
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lostitationfl^Continued. 

in  United  States  and  British  Provinces  of  North  America,  list  of— W.  J. 

Rhjbxs - -.  116 

in  which  phonography  is  taught.    (B.  1S56) 91 

scientific  and  literary ,  in  United  States,  list  of  principal ... 335 

Instmctions — 

for  archeological  investigations* — 6.  Gibbs.     (R.  1861) 149 

for  collecting  coleoptera — J.  L.  Lk  Covtx.     (R.  1858) 109 

for  collecting  diatomacea — A.  M.  Edwards 366 

for  collecting  diptera — H.  Lobw;  R.  Osten  Sackbn.     (R.  1858) 109 

for  collecting  hemiptera— P.  R.  Uhlxb.     (R.  1868) 109 

for  collecting  hymenoptera — B.  Clbmbns.     (R.  1858) 109 

for  collecting  insects— S.  F.  Baird.     (R.  1858) 109 

for  collecting  land  and  fresh-water  shells — J.  Lxwis : 363 

for  collecting  lepidoptera—B.  Clemens.    (R.  1858) 109 

for  collecting  myriapods,  phalangidsa,  etc. — H.  G.  Wood.     (R.  1866) 214 

for  collecting  nests  and  eggs  of  North  American  birds.    (R.  1858) 189 

for  collecting  neuroptera— P.  R.  Uhler.     (R.  1858) 109 

for  collecting  orthoptera— P.  R.  Uhlxb.     (R.  1858) 109 

for  observations  of  thunder  storms — ^J.  Henbt . 235 

for  research  relative  to  ethnology  and  philology  of  America — 6.  Oibbs..  160 

in  reference  to  collecting  nests  and  eggs  of  North  American  birds— >T.  H. 

Bbew^r 189 

to  Captain  Hall  for  Arctic  observation — J.  Hbnbt  and  others.    (R.  1871)  249 

to  observatories  relative  to  telegraphic  announcement  of  astronomical 

discoveries — J.  Henbt ^ ....^.— . ^..-.« 263 

Instruments,  meteorological, 

articles  on,  in  Smithsonian.     (R.  1874) ,-..-■, 286 

description  of— L.  Casxlla.    (R.  1859) - 1*10 

description  of— A.  Gittot;  J.  Hxnby.     (R.  1855) 77,  19, 148 

Integrals,  general,  of  planetary  motion — S.  Nxwcomb 281 

Intensity  of  heat  and^light  of  the  sun^L.  W.  Mkxch.     (R.  1858) 91,  83 

Interest,  letter  to  Secretary  of  Treasury  on  payment  of,  in  coin — J.  Hxnbt. 

(R.  1865) 209 

Intermixture  of  races— G.  Gibbs.     (R.  1864) 188 

Internal  structure  of  the  earth — J.  G.  Babnabd w 310 

International  Archseological  Congress,  Antwerp,  1866.     (R.  1866) 214 

International  code  of  symbols  of  archssology — G.  Dx  Mobtillxt  ;  E.  Chantrx. 

(R.  1875) 298 

International  exchange,  report  on — G.  H.  Boxhmkr 477 

International  Exhibition,  Philadelphia — See  Centennial. 

International  Fisheries  Exhibition,  Berlin,  catalogue  of  United  States  exhibit 

at— G.  B.  GooDX 413 
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Interpolation,  methods  of,  applicable  to  graduation  of  irregular  aeriei.    Parts 

I,  II.— B.  L.  D«  F0EB8T.     (R.  1871 ;  B.  1878) M9, 27S 

Introduction,  letters  of.     (R.  1865) .- - 2» 

Introduction  to  study  of  Coptic  language—M.  Kabib.     (B.  1867) ih 

Invertebrata,  marine,  from  New  England  coast  distributed  by  United  Ststes 

Fish  Commission,  list  of— A.  B.  Vxbbill  ;  R.  Bathbuk.    (P.  1879) —  Ui 

Invertebrata,  marine,  of  Grand  Manan — W.  Stimpson ..^ — SO 

Invertebrata,  marine,  of  northeastern  coast  of  America,  notice  of  recant  addi- 
tions tO^-A.  B.  VXKRILL  : 
Part     1.  Annelida^  etc.     (P.  1879) - W 

Part  II.  Mollusca,  with  notes  on  Annelidat  etc.     (P.  1880) 42i 

Part  III.  Catalogue  of  MoUuaca  recently  added  to  fauna  of  southe^D  New 

England.     (P.  1880) - l» 

Invertebrate  fossils — 

check-list  of— T.  A.  Conkad 200 

from  Arkansas,  Wyoming,  Colorado,  and  Utah,  descriptions  of  new— 
C.  A.  White.     (P.  1880) 425 

of  North  America,  check-list  of— P.  B.  MxxK 177,188 

report  on — ^F.  B.  Mbbk;  F.  V.  Haydbv \1i 

Invertebrates,  marine,  distributed  by  U.  S.  National  Museum,  list  of— B.  Bath- 
bun.     (P.  1881) 466, 467, 471 

Invertebrates — See  Marine  invertebrates. 

Investigation  of— 

anatomy  and  physiology  of  the  rattlesnake — S.  W.  Mitcbxll US 

disturbances  of  horizontal  component  of  magnetic  force— A.  D.  Baohb..   I^"- 

disturbances  of  vertical  component  of  magnetic  force — A.  D.  Bachb 175 

eleven  year  period  in  amplitude  of  solar-diurnal  variation  and  diiUirb- 
ances  of  magnetic  declination — A.  D.  Bachx ID 

illuminating  materials--J.  Hbnrt.     (B.  1880) 442,389 

influence  of  moon  on  magnetic  declination — A.  D.  Bachx 1^2 

orbit  of  Neptune  and  tables  of  its  motion— S.  Nxwoomb 199 

orbit  of  Uranus,  with  tables  of  its  motion — S.  Nxwcomb 362 

Investigations — 

anthropological,  in  1879—0.  T.  Mason.     (B.  1879) M5,420 

archseological,  instructions  for — G.  Gibbs.     (B.  1861) 1^^ 

chemical  and  physiological,  relative  to  certain  American  vertebrata— J. 
JONKS^ ^ 

of  Biela's  comet— J.  S.  Hubbard.     (B.  1862) ^^ 

scientific,  in  Bussian  America,  suggestions  relative  to— J.  Hxkbt ^ 

Iowa — 

ancient  relics  in— J.  B.  Cuttb.     (B.  1872) 2:1 

Delaware  county,  mounds  in — M.  W.  MouLTOir.     (B.  1877) *^ 

Muscatine  county,  mounds  in — ^T.  Thompson.    (B.  1879) ^ 

Ibbt,  J.  B.  McD.     Works  and  character  of  Smithson ^ 
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Iron  and  copper,  preserTation  of,  in  salt  water — A.  E.  Bscqusbbl.    (B.  1864.)  188 

Ironclad  Monadnock,  deviation  of  compasses  on — W.  Haskkbsb 289 

Iron  rust,  destructive  effect  of.     (R.  1861) 149 

Irradiation— AbW  Moiqno.     (R,  1866) 214 

Irritation  of  polarized  nerve,  effect  of— B.  F.  LAtrrxNBACH.     (R.  1878)  ..  841,  411 

Irving,  Washington,  notice  of,  by  C.  C.  Felton.     (R.  1869) 110 

Irving,  W.     On  publication  of  Spanish  works  on  New  Mexico.     (R.  1855)...  77 

Irwin,  B.  J.  D.     Tucson  meteorite.     (R.  1868) . 187 

Island — 

Petite  Anse,  salt  deposit  on — "R.  W.  Hiloard ^  248 

St.  Thomas,  hurricane  in — O.  A.  Latimer.     (R.  1867) 215 

Santa  Rosa,  history  and  antiquities  of— S.  Bowers.     (R.  1877).. 828 

Islands — 

Fanning,  natural  history  of— T.  H.  Streets : 808 

Hawaiian,  natural  history  of— T.  H.  Streets  — : 808 

Kerguelen,  natural  history  of— J.  H.  Kidder  and  others 298,  294 

North  American,  meteorological  stations  and  observers  in.     (R.  1868)  224,  878 

Pacific,  natural  history  of— W.  H.  Pease.     (R.  1862) 150 

Queen  Charlotte's,  Haidah  Indians  of— J.  G.  Swan —  267 

St.  Oroix  and  Virgin,  flora  of— H.  P.  A.  Eggees 818 

Shetland,  Faroe,  and  Iceland,  vegetable  colonization  of — C.  Martins. 

(R.  1868) - - 109 

Isle  Jesus,  Canada  East,  description  of  observatory  on — C.  Smallwood.     (R. 

1856) - 91 

Isle  Koyale,  Michigan,  antiquities  of— A.  C.  Davis.     (R.  1874) 286 

Isohyetal  maps — See  C  A.  Schott. 
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Lakes,  dates  of  opening  and  closing  of— F.  B.  Hough 182 
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Land  and  fresh-water  shells — See  Shells. 
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Land,  gradual  approach  of  sea  upon — S.  P.  Maybsrry.     (R.  1867) ..  215 
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Carib  or  Karif— C.  H.  Berbndt.     (R.  1878) 276 

Coptic,  introduction  to  the  study  of— M.  Kabis.     (R.  1867) 216 

Dakota,  grammar  and  dictionary  of — S.  R.  Riaos 40 
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evolution  of— J.  W.  Powell.     (E.  1879-80) 476 
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phonetic,  vocal  sounds  of  L.  Bridgman  compared  with  elements  of— F. 

LlEBER 12 

sign,  among  North  American  Indians  compared  with  that  among  other 

peoples  and  deaf  mutes— G.  Mall EBY.     (E.  1879-80) 476 
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trade,  of  Oregon,  dictionary  of— G,  Gibbs 161 

trade,  of  Oregon,  vocabulary  of— B.  R.  Mitchell  j  W.  W.  Turvsb  ..  68 

Yoruba,  of  Africa,  grammar  and  dictionary  of— T.  J.  Bowsk 98 
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Indian— G.  Gibbs.     (R.  1865) - 209 
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Lapham,  I.  A.    Antiquities  of  Wisconsin ..^ 70 

Lapidary,  aboriginal,  stock-in-trade  of— G.  Rait.     (R.  1877) 828,  440,  402 

La  Place,  eulogy  on,  by  P.  Arago.     (R.  1874) aj»  286 
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Lartet,  E.,  scientific  labors  of,  by  F.  Fisher.     (R.  1872) 271 

Larynx,  bibliography  of  diseases  of  the — W.  W.  Keen 800 

Latiloid  genera,  note  on— T.  Gill.     (P.  1881) 467 
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Laws  of  atmospheric  circulation  over  the  earth — J.  H.  Coffin .i_  ^ 
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Ls  CblTTK,  John.     Constants  of  nature.     (R.  1878) ^^ 
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Coleoptera  of  Kansas  and  eastern  New  Mexico 126 
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New  species  of  North  American  coleoptera.     Parts  i,  u 16^»  ^ 

Revision  of  Melsheimer's  catalogue  of  coleoptera .. ** 
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bridges— F.  Rogeks.     (R.  1861) 149 
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electro-physiology — C.  Matteucci.     (R.  1866) 209 

insect  instincts  and  transformations — J.  6.  Mobbis.     (R.  1866) 77 

marine  alg« — W.  H.  Habyey.     (R.  1856) 77 

meteoric  stones — J.  L.  Smith.    (R.  1855) \  77 
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(R.  1866) 77 

nature  and  cure  of  bites  of  serpents  and  wounds  of  poisoned  arrows — 

D.  Brainarp.     (R.  1864) 76 
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lecture  No.  vii — E.  O.  Shakespeare 321 
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planetary  disturbances — B.  S.  Snell.     (R.  1865) 77 

principles  of  linguistic  science— W.  D.  Whitney.     (R.  1868) 187,  352 

relations  of  time  and  space — S.  Alexander.    (R.  1861).. 149 

sanitary  drainage  of   Washington.      Toner  lecture  No.   yiii — G.   E. 

Waring,  Jr. 349 

shells  of  Gulf  of  California— P.  P.  Carpenter.     (R.  1859) 110 

strain  and  over-action  of  the  heart.    Toner  lecture  No.  iii — J.  M.  Da 

Costa 279 

study  of  high  antiquity  in  Europe— A.  Morlot.  (R.  1862;  R.  1864.)  150, 188 

study  of  nature  and  mechanism  of  fever.     Toner  lecture  No.  iv — H. 
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surgical  complications  and  sequels  of  fevers.     Toner  lecture  No.  v — W. 

W.  Keen 300 

Switzerland— A.  D.  Bache.     (R.  1870) 244 

syllabus  of  a  course  of,  on  physics — ^J.  Henry.     (R.  1856) 91 

undulatory  theory  of  light— F.  A.  P.  Barnard.     (R.  1862) 150 

the  Union— H.  Reed.     (R.  1864) 76 
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Lee,  J.  C.  Y.     Ancient  ruin  in  Arizona.     (R.  1872) 271 

Legacy — Ste  Bequest. 
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Ancient  fauna  of  Nebraska - 58 
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Extinct  species  of  American«ox .  ♦! 
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Review  of  cretaceous  reptiles  of  United  States.     (R.  1864) : ISJ 
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Lepidopsetta  isolepis,  new  flat  flsh,  found  in  markets  of  San  Francisco,  note 
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appendix  to  Morris'  synopsis  of — B.  Clemens -—   ^^ 

described,  of  North  America,  catalogue  of— J.  G.  Morris ^ 

described,  of  North  America,  synopsis  of#    Part  i — J.  G.  Morris 1^3 

diurnal,  of  Arctic  America — W.  H.  Edwards ^ 

instructions  for  collecting — B.  Clemens.     (R.  1868)  — ^'^'^ 

introduction  to  Morris'  synopsis  of — V.  Heinemann ^*' 
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notes  to  Morris'  synopsis  of — W.  H.  Edwards 
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Lepsius,  R.     Presentation  of  books  on  Egypt.     (R.  1860) • — 
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Leptocardii,  arrangement  of  families  of— T.  Gill *  * 
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Lesser  Antilles,  catalogue  of  Ober's  collection  of  birds  of — ^G.  N.  Lawrence. 
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Liberia  College,  facts  respecting — A.  Crummell.     (R.  1861) 149 
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Beaufort,  deposit  of— E.  M.  Stanton.     (R.  1862) 150 

Bishop  Johns',  deposit  of— E.  Canby.     (R.  1862) 150 

Imperial,  of  Vienna,  books  presented  by.     (R.  1866) 209 

of  Bureau  of  Ethnology,  catalogue  of  linguistic  manuscripts  in — J.  C. 

Pilling.    (E.  1879-80) 476 

of  Indian  linguistics,  account  of— J.  G.  Shea.     (R.  1861) 149 

of  National  Museum,  circular  asking  contributions  to.     (P.  1881)..  467,  458 
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Library  of  Congress — 
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OF  SMITHSONIAN  PUBLICATIONS.  288 

Lightning — 

and  thunder,  observations  on — S.  Mastkrman.    (R.  1865) 77 

discharges,  accounts  of— G.  W.  Dodgk  and  others.     (B.  1867) 216 
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(B.  1870) 244 

Medicines,  classification  of  forms  in  which  drugs  and,  appear  and  are  tdmiois- 
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meteorological  subjects,  by  J.  Hann  and  others.     Translated  by  C.  Abbz. 
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National  Museum-^.  M.  Flint.     (P.  1881) -  467,452 

Memoranda  of  inquiry  relative  to  food  fishes  of  United  States 231 
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Mexican  history  and  arcbsBology,  observations  on — B.  Mater 86 

Mexican  Society  of  Geography  and  Stotistics.  Bxchanges.  (B.  1861 ;  B.  1866.)  149,209 

Mexico — 

description  of  large  fossil  gasteropod  from — 0.  A.  White.     (P.  1880)..  426 

description  of  new  fishes  from — D.  S.  Jordan  ;  0.  H.  Gilbert.  (P.  1881.)  467 

description  of  new  species  of  genus  BrevoorUa  from — G.  B.  Goods.     (P. 

1878) - 832 

eastern,  earthquake  in,  January,  1866— G.  Sartorius.     (B.  1866) 214 

explorations  of  John  Xantus  in — M.  Bomero.     (B.  1862) 160 

Guanajuato  and  Chapala  lake,  notes  on  Dugds'  collection  of  fishes  from — 

D.  S.  Jordan.    (P.  1879) 833 

list  of  described  birds  of,  not  in  Smithsonian  collection . .^  185 

magnetic  observations  in— Baron  yon  Mijller;  A.  Sonntao 114 

meteorite  in— B.  Simson.     (B.  1867) 216 

meteorite  in— A.  Woodworth.     (B.  1867) 216 

meteorite  in,  discovery  of— W.  M.  PiERSON.     (B.  1878) 276 

meteorites  in— J.  H.  Carlston.     (B.  1866) 209 

notes  on  fishes  from,  collected  by  Lieut.  H.  E.  Nichols — D.  S.  Jordan  ;  0. 

H.  Gilbert.    (P.  1881) - 467 

scientific  expedition  to,  report  addressed  to  Emperor  of  France  by  Min- 
ister of  Public  Instruction.     (B.  1864) .«. - 188 

southwestern,  birds  of,  collected  by  F.  E.  Sumichrast— G.  N.  Lawrence.  296 

Vera  Cruz,  account  of  antiquities  in— H.  Finck.     (B.  1870) 244 

Mexico,  Gulf  of,  catalogue  of  fishes  collected  in,  by  J.  W.  Yelie— G.  B.  Goods  ; 

T.  H.  Bean.    (P.  1879) 888 

Mexico,  Gulf  of,  mortality  of  fishes  in— J.  P.  Jefferson.     (P.  1878) 882 

Mica  beds  in  Alabama— W.  Gesner.     (R.  1879) — 846 

Mica  mines,  ancient,  in  North  Carolina— C.  D.  Smith.     (B.  1876) 299 

Michigan — 

ancient  mining  in — C.  Whittlesey . 166 

Beaver  Island,  natural  history  of— J.  J.  Strang.     (B.  1864) 76 
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Michigan — Continued. 

catalogue  of  rocks,  minerale,  and  ores  collected  on  geological  larTey  in— 
C.  T.  Jackson.     (R.  1864) 75 

characteristics  pertaining  to  ancient  man  in — H.  Gillhak.  (R.  1875.)  298,393 

Isle  Royale,  Lake  Superior,  antiquities  of— A.  C.  Dayis.     (R.  1874) 286 

mound-builders  and  platyonemism  in — H.  Gillman.    (R.  1873) 27 o,  393 

Microscope,  the.     (R.  1860) -    147 

Microscopic  organisms — 

directions  for  collecting 65 

directions  for  collecting,  preserving,  and  transporting — A.  H.  KDWAans.  366 
notes  on  new  species  and  localities  of — J.  W.  Bailbt 63 

Microscopical  examination  of  Japanese  infusorial  earths^ A.  M.  Edwards  ...   i^ 

Microscopical  examination  of  soundings  made  by  IT.  B.  Coast  Survey  off  At- 
lantic coast  of  United  States — J.  W.  Bailey 20 

Microscopical  observations  in  South  Carolina,  Georgia,  and  Florida — J.  W. 

Bailey 23 

Middle  America — 

birds  of— S.  F.  Baird _ -.   181 

birds  of,  circular  for  collecting 168 

birds  off  not  in  National  Museum— R.  Ridgway.     (P.  1881) ^' 

(explanation  of  term) ISI 

Migration,  the  American — F.  von  Hellwald.     (R.  1866) *-»* 

Migrations  and  nesting  habits  of  west  coast  birds— J.  G.  Cooper.    (P.  1879)..   SSI 

Milan  Agricultural  Association.     Exchange  of  publications.     (R.  1868) 1^* 

Milky  way,  bibliography  of  works  relating  to— E.  S.  Holdsn —   311 

Miller,  F.     Mound  in  Trumbull  county,  Ohio.     (R.  1877) - —   ^ 

Mills,  Clark,  casts  of  heads  of  Indian  boys  and  girls  at  Hampton,  Virginia, 

taken  by.     (P.  1879) ^-   8SS 

Mills,  Clark,  casts  of  heads  of  Indian  prisoners  in  Florida  taken  by.    (P.  1878.)   3S2 

Mineral,  Jade,  study  of— S.  Blondel.     (R.  1876) 299 

Mineralogical  collection,  arrangement  of— C.  IT.  Shepard.     (R.  1861) 1^^ 

Mineralogical  collection  of  Yale  College,  catalogue  of  meteorites  in  the— G.  J. 

Brush.    (R.  1868) _ _ 2< 

Mineralogical  composition  of    the  normal  mesozoic  diabase   upon  Atlsntic 

border— G.  W.  Hawes.     (P.  1881) „ ^ 

Mineralogy,  progress  in,  in  1879  and  1880— G.  W.  Hawbs.     (R.  1880) ...  442, 428 

Minerals — 

and  ores  collected  on  geological  survey  in  Michigan,  catalogue  of— C.  T. 
Jacksok.     (R.  1864).— 1 '. '^ 

and  rocks,  catalogue  of-— J.  W.  Foster.     (R.  1854) ^^ 

and  rocks,  catalogue  of— J.  D.  "Whitney.     (R.  1854) *^ 

catalogue  of,  with  their  formulas,  etc. — T.  Eqlcstok -  ^ 

in  IT.  S.  National  Museum  in  1878,  list  of— F.  M.  Endlich.    (B.  187S)  ^^ 
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Minerals — Continued. 

in  U.  S.  National  Museum  in  1879,  list  of— F.  M.  Endlich.     (P.  1880.)  425 

rocks,  ores,  and  fossils,  catalogue  of-— J.  Locks.  •  (B.  1854) i 75 

3Iines,  ancient  mica,  in  North  Garolina*— C.  D.  Smith.     (B.  1876) 299 

Mining,  ancient,  in  Lake  Superior  copper  region,  circular  relative  to — J. 

Hbnry.     (R.  1861) - - - 149 

Mining,  ancient,  on  shores  of  Lake  Superior — G.  Whittlesey 155 

Mining  Department,  Melbourne.     Exchange  system.     (B.  1865) 209 

Minnesota — 

ancient  town  in,  account  of— 0.  H.  Eellet.     (R.  1868) 187 

Fort  Ripley,  natural  history  of  country  about — J.  E.  Head.     (R.  1854.)  75 

Hennepin  county,  mounds  on  Gideon's  farm  near  Excelsior — F.  H.  Nut* 

TER.     (R.  1879).- - - 845 

Lake  Pepin  and  Mississippi  river,  antiquities  on  banks  of — L.  G.  Estes. 

(R.  1866) 1- 214 

Red  river  of  the  North,  ethnology  of  Indians  of— W.  H.  Gardner. 

(R.  1870) 244 

Minnesota  Historical  Society.     Dakota  grammar 40 

Miocene  fossils,  check  list  of— F.  B.  Meek 183 

Miscellanea,  Museum,  labels,  etc. — S.  F.  Baird . , 164 

Miscellaneous  Gollections,  Smithsonian.     Vols,  i-xxiii.  122,  128,  124,  125,  158,  169, 
191,  212,  218,  250,  278,  274,  812,  814,  315,  822,  886,  887,  416,  428,  424,  468,  475 

Miscellaneous  Gollections,  Smithsonian,  catalogue  and  index  of 478 

Miscellaneous  tables — A.  Guyot «. 153 

■ 

Missionary  Society,  Southern.    Yoruba  grammar  and  dictionary 98 

Missions — See  American  Board  of  Gommissioners. 


• 


aboriginal  lapidary  in— G.  Rau.     (R.  1877)  ..J 828,  402 

eastern,  collection  of  fishes  from- O.  P.  Hay.     (P.  1880) .—  425 

mounds  in— S.  A.  Aonew.     (R-  1867) 216 

Washington  county,  mounds  in — J.  Houoh.     (R.  1879) 845 

Yazoo  county,  antiquities  of— J.  W.  C.  Smith.     (R.  1874) 286 

Mississippi  river  and  Lake  Pepin,  antiquities  on  banks  of — L.  G.  Estes.     (R. 

1866) - - 214 

Mississippi  river,  description  of  new  species  of  fishes  from — T.  H.  Beak.     (P. 

1879) - - 888 

Mississippi  valley,  ancient  monuments  of — E.  G.  Squier  ;  E.  H.  Davis 1 

Mississippi  valley,  physical  geography  of — G.  Ellet,  Jr 13 

Missouri — 

ancient  relics  in— J.  W.  Foster.     (R.  1868) 187 

antiquities  in— I.  Dille.     (R.  1862) 150 

Kansas  Gity,  antiquities  of— W.  H.  R.  Lykins.     (R.  1877) 828 

New  Madrid,  earthquake  at— T.  Dudley.     (R.  1858) 109 
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Mifsoari— Continued. 

prehistoric  evidences  in— 6.  C.  Broadhkad.     (B.  1870) 846 

St:  Louis,  ancient  mound  at-— T.  B.  Pbalk.     (B.  1861) 149 

St.  Louis,  temperature  of— A.  Fknblsr.     (B.  1860) 147 

upper,  expedition  to  Mauvaises  Terres  and — A.  Gitlbketson.    (R.  18S0.)    28 

upper,  list  of  plants  of— T.  C.  Porter.     (B.  1860) 28 

upper,  palaeontology  of^F.  B.  Meek;  F.  V.  Hatden... -L  172 

western,  exploration  of— P.  B.  Hoy.     (B.  1864) 18S 

Missouri  river,  ancient  earthworks  on — A.  BARRAKiyr.     (B.  1870)  - 244 

Missouri  river,  list  of  birds  and  mammalia  of — E.  Harris.     (B.  1860) ^ 

Mitchell,  A.     Antiquities  of  Florida.     (B.  1874) —  2K 

Mitchell,  B.     Mounds  in  Pike  county,  Illinois.     (B.  1879) 345 

Mitchell,  B.  B.  ;  Turner,  W.  W.     Vocabulary  of  the  jargon  of  Oregon  ..    68 

Mitchell,  8.  8.     Funeral  sermon  of  Joseph  Henry S*' 

Mitchell,  8.  W.     Inquiries  relative  to  disease  known  as  chorea.   (R.  1874) ..  ^ 

Mitchell,  8.  W.     Besearches  upon  the  venom  of  the  rattlesnake ^ 133 

Mitchell,  8.  W. ;  Morehouse,  G.  B.     Besearches  upon  anatomy  and  physi- 
ology of  respiration  in  chelonia 159 

Mitia,  drawings  of — J.  G.  Sawkins ^j 

Mixed  races  in  Liberia— E.  D.  Blyden.     (B.  1870) —  244 

Mobile  river,  shell-heaps  on — A.  S.  Gaines  ;  K.  M.  Citnnikgham.    (B.  1877.)  3C 

Modern  theory  of  chemical  types — C.  M.  Wetherill.     (B.  1868) l^: 

Modes  of  flight  in  relation  to  aeronautics — J.  B.  Pettiorew.     (B.  1867) 215 

MoiQNO,  F.  N.     Accidental  or  subjective  colors.     (B.  1868)' 214 

Molina,  L.,  Oosta  Bican  minister,  recommending  Dr.  Berendt.     (B.  1865)...  ^ 

Mollusca  of  Northeastern  coast  of  America.     Parts  i,  ii,  iii — A.  E.  Yxuill 

(P.  1879;   P.  1880) 833,425 

Mollusca,  or  shellfish,  and  their  allies,  lectures  on — P.  P.  Carpbntxb.    (R. 

1880) 147,152 

Molluscoids  of  Arctic  America— A.  E.  Yerrill - ^- 

Mollusks — 

arrangement  of  families  of— T.  Gill ^ 227 

bibliography  of— T.  Gill _. -  ^' 

eocene,  some  new  species  of,  from  southern  United  States — A.  Hjcilpbiv. 
(P.  1880) _-. ^ 

new  forms  of,  from  Alaska — W.  H.  Dall.     (P.  1878) ^- 

of  Arctic  America — W.  M.  Dall .-^-  ^ 

of  Kerguelen  Island— W.  H.  Dall .._ ^ 

of  western  North  America — P.  P.  Carpenter ^ 

Monadnock,  ironclad,  deviation  of  compasses  on — W.  Harkness "^ 

Mongolia,  geological  researches  in — B.  Pumpelly ^ 

Monograph  of — 

American  corbiculadsB,  recent  and  fossil — T.  Prime —  ^*' 
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Monograph  of— Continued. 

bats  of  North  America — H.  Allbn 165 

cottoids  of  North  America — 0.  Gibabd , 30 

dolicfaopodide — BL  Loew • 171 

ortalidsD— H.  Lobw 256 

strepomatidflB,  (American  melanians) — G.  W.  Trtok 253 

tipuHdse — C.  R.  Ostkn  Sacken 219 

wasps — H.  Dk  Saitssurk 254 

Monogn^pbs  of  diptera  of  North  America — 

Part     I — H.  Losw;  B.  Osten  Sackxk 141 

Part  II — H.  LoEW;  R.  Ostxn  Sackbv 171 

Part  III— H.  LoEW 256 

Part  IT — R.  OsTEJf  Sackek 1 219 

Montana,  distribution  of  forest  trees  in — ^W.  W.  Johnson.     (R.  1870) 244 

Montana,  prehistoric  remains  in — P.  W.  Nobbis.     (R.  1879) 845 

Monterey  Bay,  California,  new  fishes  from — D.  S.  Jordan  ;  C.  H.  Gilbert. 

(P.  1880) 425 

Monument  to  Joseph  Henry,  proceedings  of  Congress  relative  to «     856 

Monuments — 

aboriginal,  of  ^tate  of  New  York— E.  G.  Squier 15 

ancient,  of  the  Mississippi  valley — E.  G.  Squier;  E.  H.  Davis 1 

and  antiquities  of  Denmark,  preservation  of — J.  J.  A.Worsaae.  (R.  1879.)     845 
Moon — 

effect  of,  on  the  magnetic  force — A.  D.  Bache 162,  175 

effect  of,  on  the  weather— J.  Henry.     (R.  1871) 249 

influence  of,  on  magnetic  declination — A.  D.  Bache 182 

occultations  of  planets  by — See  Downos,  J. 

Moon-hoax,  on  the— J.  Henry.     (R.  1873) »..  275 

Moore,  M.  A.     Fish  mortality  in  the  Gulf  of  Mexico.  '  (P.  1881) 467 

MooRE,  T.,  and  others.     Destruction  of  fish  near  the  Tortugas.     (P.  1878) 882 

Morehouse,  G.  W.  ;  Mitchell,  S.  W.     Anatomy  and  physiology  of  respira- 
tion in  chelonia 159 

MoBFiT,  C  ;  Booth,  J.  C.     Recent  improvements  in  chemical  arts 27 

Morgan,  L.  H. — 

Circular  in  reference  to  degrees  of  relationship  among  different  nations..   138 

Proposed  ethnological  map  of  North  America.     (R.  1861) 149 

Systems  of  consanguinity  and  affinity  of  the  human  family 218 

Morgan,  L.  H.,  circular  to  diplomatic  agents  by  State  Department  relative  to 

research  of 188 

MoRiN,  A.     Warming  and  ventilating  buildings.     Parts  i,  ii.     (R.  1878;  R. 

1874) 275,  286,  439 

MORLOT,  A. — 

Abstract  of  Dr.  Keller's  report  on  lacustrian  settlements  in  Switzerland. 

(R.  1868) 187 
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Ho&LOT,  A. — Continued. 

ArchsBology.    '(R.  1861) 149 

General  views  on  archeology.     (R.  1860) 147 

Lecture  on  study  of  high  antiquity  .in  Europe.     (B.  1862;  B.  1864.)  150, 188 

MORSIB,  J.  G. — 

Catalogue  of  described  lepidoptera  of  North.America ; 118 

Lecture  on  insect  instincts  and  transformations.     (R.  1855) 77 

Lecture  on  natural  history  as  applied  to  farming  and  gardening.  (R.  1865.)     77 

Synopsis  of  described  lepidoptera 133 

Morris,  O.  W.  ;  Henry,  J.     Quantity  of  rain  at  different  heights.    (R.  1855.)     77 

Morse,  S.  F.  B.,  account  of  origin  and  development  of  invention  of— W.  B. 

Tatlor.     (R.  1878) - 841,405 

Morse,  S.  F.  B.,  communication  relative  to  a  publication  of—- J.  Hsnry.    (B. 

1857) - - -.-..  107,115.329 

Mortality — 

of  fishes  in  Gulf  of  Mexico— B.  Inosrsoll.     (P.  1881) — 467 

of  fishes  in  Gulf  of  Mexico — J.  P.  Jeffersok.     (P.  1878)  ._ ^ 

of  fishes  in  Gulf  of  Mexico— S.  H.  Johnson.     (P.  1881) ~   467 

of  fishes  in  Gulf  of  Mexico— M.  A.  Moore.     (P.  1881) 467 

of  fishes  in  vicinity  of  Tortugas — J.  P.  Jefferson  ;  T.  Moori  ;  J.  T. 
Porter.    (P.  1878) . i 3S 

tables  of,  methods  of  interpolation  applied  to  graduation  of— S.  L.  Di 
Forest.     (R.  1871;  R.  1878)  : ^ 249,?75 

MORTILLBT,  G.  BE ;  Chantre,  E.     International  code  of  symbols  for  charU  of 

prehistoric  archaeology.     (R.  1875) 298 

Morton,  S.  G.,  and  others.    On  publication  of  Squier  and  Davis'  ancient  mon- 

umente.     (R.  1847) — _ ._ H 

Mortuary  customs  of  Morth  American  Indians — H.  C.  Yarrow.     (E.  1879-80.)  476 

Mosasaurus  and  the  three  allied  genera,  Holcodua,  CbnosouriM,  and  Amphorot- 

ieua,  memoir  on — R.  W.  Gibbes 1* 

Motion,  planetary,  general  integrals  of — S.  Nbwcomb 381 

Motion,  rotary,  problems  of,  presented  by  gyroscope,  precession  of  equinoxob, 

and  pendulum — J.  G.  Barnard 340 

MoTSCHULSKT,  y.     On  means  of  destroying  the  grasshopper.     (R.  1858) ^^ 

Moulton,  M.  "W.     Mounds  in  Delaware  county,  Iowa.     (R.  1877) ^ 

Mound  in — 

Dakota,  Lincoln  county — A.  Barrandt.     (R.  1872) ^* 

Florida,  colored  bead  from— A.  M.  Harrison.     (R.  1877) ^ 

Florida,  gold  ornament  from— C.  Rau.     (R.  1877) 328, 440, 408 

Indiana— W.  Pidqeon.     (R.  1867)  — -^* 

Kentucky,  near  Lexington — R.  Peter.     (R.  1871) **^ 

Missouri,  St.  Louis— T.  R.  Peale.     (R.  1861) ^^ 

Ohio,  Trumbull  county— F.  Miller.     (R.  1877) ^ 

Pennsylvania,  western— W.  M.  Taylor.     (R.  1877) ^ 
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Hound  in — Continued. 

Tennessee,  near  ChatUnooga—M.  0.  Rxab.     (B.  1867) 215 

Tennessee,  east — A.  F.  Danilssn.     (R.  1868) 187 

Wisconsin— C.  K.  Dean.     (R.  1872) -"—  271 

Wisconsin,  Grant  county— J.  Warnsr.     (R.  1872) 271 

Mound-buitders — 

and  platycnemism  in  Michigan— H.  Gillman.     (R.  1878) 276,  393 

in  Rock  river  valley,  Illinois— J.  Shaw.     (R.  1877) 828 

of  Wisconsin,  mounds  and  osteology  of— J.  N.  Ds  Hart.     (R.  1877)...  828 

Mounds  and  osteology  of  the  mound-builders  of  Wisconsin — J.  N.  Dx  Hart. 

(R.  1877) - 828 

Mounds  in — 

Dakota,  Fort  Wadsworth— A.  J.  Comfort.     (R.  1871) 249 

Florida,  (southern,)  explorations  among— S.  T.  Walkxr.     (K.  1879)  ...  846 

Georgia— M.  F.  Stxphsnson.     (R.  1870) 244 

Georgia,  Bartow  county— M.  F.  Stephenson.     (R.  1872) 271 

Georgia,  Mcintosh  and  Early  counties— W.  McKinley.     (R.  1872)...  271 

Illinois,  Mercer  county— T.  McWhorter.     (R.  1874) 286 

Illinois,  near  Albany,  skull  and  bones  from — R.   J.   Farquharbon. 

(R.  1874) 286 

Illinois,  Pike  county— B.  Mitchell.    (R.  1879) 845 

Illinois,  Rock  Island  county— T.  Thompson.     (R.  1879) 845 

Illinois,  Spoon  river  valley— W.  H.  Adams.     (R.  1879) 846 

Illinois,  Union  county,  near  Annar-^T.  M.  Ferrxnx.    (R.  1872) 271 

Indiana,  Franklin  county— E.  R.  Quick.     (R.  1879) 845 

Indiana,  Rush  county — F.  Jaokman.     (R.  1879) 845 

Iowa,  Delaware  county— M.  W.  Moulton.     (R.  1877) 823 

Iowa,  Des  Moines  valley,  notes  on— S.  B.  Eyans.     (R.  1879) 345 

Iowa,  Muscatine  county— T.  Thompson.    (R.  1879) 345 

Kentucky— R.  Peter.    (R.  1872) 271 

Kentucky,  exploration  of— S.  8.  Lyon.     (R.  1870) 244 

Kentucky,  Union  county,  exploration  of— S.  S.  Lyon.     (R.  1870) ^  244 

Louisiana— S.  H.  Lockett.     (R.  1872) 271 

Louisiana,  Moorehouse  parish — B.  H.  Brodnax.     (R.  1879) 845 

Minnesota,  Hennepin  county,  on  Gideon's  farm— F.  H.  Nutter.  (R.  1879)  845 

Mississippi— S.  A.  Aonew.     (R.  1867) 215 

Mississippi,  Washington  county— J.  Hoitoh.     (R.  1879) 845 

New  Brunswick  and  New  England,  notes  on — S.  F.  Baird.     (P.  1881.)  467 

Ohio,  Trumbull  county— F.  Miller.     (R.  1877) 828 

Pennsylvania,  (western)— W.  M.  Taylor.     (R.  1877) 828 

Tennessee — J.  Jones 259 

Wisconsin,  Grant  county— M.  Strong.    (R.  1879) 299 

Wisconsin,  Winnebago  county— T.  Arxstroho.     (B.  1879) 846 
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Mountain,  Black,  North  Carolina,  topography  of— T.  L.  Olinomam.    (R.  1866.)  77 

Mountain  measurements — A.  Outot.     (R.  1862) 160 

Mountains,  electric  resonance  of— H.  Dx  SAna3URK.     (R.  1868}- _  ii{ 

Mountains  in  Colorado,  heights  of— G.  Enqkliiakn.     (R.  1862) 150 

Mountains,  lakes,  and  the  snow-line,  Norwegian— O.  B.  Dbkutzeb.    (R.  1866.)  2U 

Movement  of  the  stars  around  a  central  point — J.  H.  Makdleb.    (R.  1860)^  110 

Much,  M.     Ancient  history  of  North  America.     (R.  1871) 24d 

MuDOK,  B.  F.     Account  of  lightning  discharges.     (R.  1867) 215 

MuLLBR,  Baron  ton.     Ohservations  on  terrestrial  magnetism  in  Mexico 114 

MuLLER,  F.     Smithsonian  exchanges.     (R.  1860) H7 

MULLEB,  J. —  ' 

Principles  of  the  mechanical  theory  of  heat.     (R.  1868) "^^ 

Report  on  recent  progress  in  physics— electricity.     (R.  1856;  B.  1857.)  91,  lOT 

Report  on  recent  progress  in  physics — ^galvanism.    (R.  1856 ;  R.  1857;  R. 
1868) 77,107.10& 

Report  on  transactions  of  Qeneva  Society  of  Physics  and  Natural  His- 
tory, June,  1876,  to  July,  1876.     (R.  1877) - 323 

Mummy  and  skulls  from  Patagonia — A.  Reid.     (R.  1862) 150 

Mummy  case,  Gliddon — C.  Pickering MB 

MuRPHET,  H.  C,  and  others.    On  publication  of  Spanish  works  on  New  Mexico. 

(R.  1866) ..  -_ *■ 

Musci  of  Rerguelen  Island — T.  P.  James —  2W 

Museum — 

at  Lausanne,  ethnological  collections  of— F.  Trotok.     (R.  1861) ~   I^^ 

Blackmore,  Salisbury,  England,  notice  of.     (R.  1868) -  ^ 

British,  sUtistics  of— S.  F.  Baird.     (R.  1860) -    * 

d'Histoire  Naturelle,  Paris,  notes  on  typical  American  fishes  in— D.  S. 
Jordan.    (P.  1879) - — 8» 

Hungarian  National.     Acknowledgment  for  birds.     (R.  1868) ^^ 

miscellanea — S.  F-  Baird IW 

of  ethnology,  Leipsic— A.  Schott;  O.  T.  Mason.     (R.  1878) ^'* 

of  National  University  of  Greece.     Bzcbange  of  specimens.    (B.  1867.)  2Io 

of  Norway,  Ethnological—L.  K.  Daa.     (R.  1862) 130 

of  Toronto  University,  objects  of.     (R.  1866) 20? 

on  formation  of  a— >L.  AoASSiz.     (R.  1849) . -^ 

Smithsonian — See  Museum,  U.  S.  National. 

Museum,  U.  S.  National — 

acts  and  resolutions  of  Congress  relative  to — See  Gongren. 

additions  to,  list  of— See  each  annual  report. 

birds  of  Middle  and  South  America  not  in— R.  Ridowat.    (P.  1881) ..  ^» 

Bulletins  of — See  Bulletins. 

catalogue  and  index  of  the  Proceedings  and  Bulletins  of ——  ^^ 

catalogue  of  collection  of  Japanese  cotton  fibre  presented  to.    (P.  1881.)  ^< 
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Muaeum,  TJ.  8.  National — Continued. 

catalogue  of  collection  of  Japanese  woods  presented  to — L.  F.  Ward. 

(P.  1881) 467 

catalogue  of  Old  World  birds  in— R.  Ridowat.     (P.  1881) 467,  462 

circular  asking  contributions  to  library  of.     (P.  1881) 467,  458 

circulars  of — See  Circulars. 

classification  of  collections  of— -G.  B.  Goodk.     (P.  1881) 467,  457 

classification  of  collections  of,  to  illustrate  taxidermy — W.  T.  Hornaday. 

(P.  1881) _- 467,  456 

colIectioDs  furnished  to,  by  explorations,  1888  to  1877 — S.  F.  Baird. 

(R.  1877) - 823 

contributions  to,  and  their  acknowledgment.     (P.  1881) 467,  473 

directory  of  officers,  collaborators,  and  employ^  of 466 

distribution  by,  of  marine  invertebrates — R.  Rathbuk.     (P.  1881.) 

467,  465,  471 

establishment  and  o&cers  of  Smithsanian  Institution  and.     (P.  1881 . )  467,  449 

letters  on  work  of— B.  Phillips.     (P.  1881) ._ 467,  454 

list  of  publications  of.     (P.  1881) _— _—  467,  478,  474 

memorial  of   Regents  of  Smithsonian   Institi^tion   to  Congress  asking 

appropriations  for.     (R.  1867) 216,329 

memorial  to  Congress  in  behalf  of  Regents  of  Smithsonian  Institution 

for  new  building  for— G.  Bancroft.     (R.  1876) 299,  829 

organization  and  objects  of— G.  B.  Goodk.     (P.  1881) 467,  459 

outline  of  scheme  of  classification  for  collections  in — G.  B.  Goode.     (P.. 

1881) - _- 467,  457 

plan  of  organization  and  regulations  of — G.  B.  Goode.     (P.  1881)..  467,  445 

plans  for  installation  of  collections  in— G.  B.  Goode.     (P.  1881)  ...  467,  472 

proceedings  in  Congress  relative  to 328 

Proceedings  of.     Vols,  i-iv,  1878-1881 332,  333,  425,  467 

report  of  Committee  of  Regents  on — A.  Gray;  H.  Copp^e.     (R.  1874.)    286 

report  of  Committee  of  Regents  on — A.  Gray  ;   A.  A.  Sargent  ;   H. 

Clymer.     (R.  1876) —     299 

report  on,  and  statistics  of  British  Museum — S.  F.  Baird.     (R.  1850)  ..      28 

reports  of  Building  Commission  of,  for  1879,  1880.     (R.  1879;  R.  1880.) 

845,  442,  409,  434 

reports  on,  1868-1867,  1878-1877— S.  F.  Baird.     (R.  1858-1867,  1878- 

1877) -  67,  76,  77,  91,  107,  109,  110,  147,  149,  150,  187, 

188,  209,  214,  215,  275,  286,  298,  299,  828 

Myadestes  obscurus,  description  of  two  new  races  of— L.  Stejneger.    (P.  1881.)  467 

Myctophum  crenulare,  description  of— T.  H.  Bean.     (P.  1881) 467 

Hyctopbum  crenulare  from  Santa  Barbara  channel,  California,  description  of — 

D.  8.  Jordan;  C.  H.  Gilbert.     (P.  1880) 426 

Myological  specimens,  rapid  preparation  of— F.  Platbait.     (P.  1881) 467 
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Myriapods,  liot  of  North  American  species  of,  belonging  to  family  of  Lytwpt- 

talidce—J,  A.  Rtdkb.     (P.  1880) 425 

Myriapods,  phalangidse,  etc.,  instructions  for  collecting — H.  C.  Wood.    (B. 

1866) 214 

Myriolepis  zonifer,  a  new  chiroid  flsb  from  Monterey  Bay,  Calfornia,  descrip- 
tion of— W.  N.  LocKiNOTON.     (P.  1880) 428 

Mythology  of  North  American  Indians — J.  W.  Powsll.    (B.  1879^) 476 

Myths,  Indian.    (K.  1879-80) 478 


Kaill,  D.  W.    Dispersion  of  a  cloud  by  electrical  discharge.    (B.  1858) lOB 

Naples,  Italy,  Royal  Institute  for  Encoun^ement  of  Natural,  BooDomical,  and 

Technological  Sciences.     Prize  questions.     (R.  1878) 275 

Narrative  of  the  Hassler  expedition — L.  Aoassiz.     (R.  1872) i 271,329 

National  Academy  of  Sciences,  bequest  to — A.  D.  Bachx.     (R.  1872) 271,829 

National  library,  on  a — "W.  S.  Jbvons.     (R.  1878) 275 

National  Museum — See  Museum,  U.  S.  National. 

Natural  history — 

applied  to  farming  and  gardening,  lecture  on — J.  G-.  Moreis.    (R.  1855.)    77 

bibliography  of  American — 0.  Gibabd ^ 

directions  for  collecting,  preserving,  and  transporting  specimens  of— 
8.  F.  Baibd.     (R.  1866) 91,3* 

explorations  in,  in  the  United  States,  1851— S.  F.  Baibd.     (R.  1851)....    $1 

of  Arctic  America — L.  Kumlisn 8W 

of  Beaver  Island,  Michigan-^.  J.  Stbakg.     (R.  1854) '^ 

of  country  about  Fort  Ripley,  Minnesota — J.  B.  Hxad.     (R.  1854) . —    '^ 

of  Fanning  Islands— T.  H.  Streets *B 

of  fresh-water  fishes  of  North  America — 0.  Gibard ^ 

of  Hawaiian  Islands,  etc. — T.  H.  Streets 3W 

of  Kerguelen  Island — J.  H.  Kidder  and  others   294 

of  lower  California— T.  H.  Streets ^ 

of  organized  bodies — E.  J.  Marey.     (R.  1867) 21o 

of  Pacific  Islands— W.  H.  Pease.     (R.  1862) ^^ 

suggestions  relative  to  investigations  in,  in  Russian  America— S.  F. 
Baird ^ 

Natural  History  Society — See  Geneva. 

Natural  method,  the  Jufsieus  and  the — M.  Flourbhb.     (B.  1867) -  ^^^ 

Naturalists,  generic  names  of  animals  employed  by — S.  H.  Souddbb *^^ 
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Nature — 

and  art,  on  tables  of  the  constants  of — C.  Babbaok.     (R.  1856)  ..i .       91 

and  mechanism  of  fever.     Toner  lectu^  No.  it — H.  G.  Wood 282 

and  origin  of  force— W.  B.  Taylob.     (R.  1870) 244,  876 

of  reparatory  inflammation  in  arteries  after  ligature.     Toner  lecture  No.    • 
VII — E.  O.  Shakupkark , 321 

Nature — See  Constants  of  Nature. 

Navajo  Indians,  language  of,  said  to  referable  Welsh — S.  Y.  MgMastbbs.     (R. 

1866) - 209 

Navajo  Indians,  sketch  of  the — J.  Lsttbbman.     (R.  1865) ^ 77 

Naval  officers,  authority  to,  to  receive  and  transmit  specimens  to  Smithsonian 84 

Navigation  of  Ohio  and  other  rivers,  improvement  of — C.  Bllet 13 

Navy  Department,  authority  given  by,  to  naval  officers  to  receive  and  transmit 

specimens  to  the  Smithsonian  Institution 84 

Neah  Bay,  Washington  Territory,  description  of  two  new  species  of  fishes 

from— D.  S.  Jobdak;  C.  H.  Oilbskt.     (P.  1880) - 426  • 

Nebraska — 

ancient  fauna  of — J.  Leidy — 58 

paleontology  of— F.  B.  Mbxk;  P.  V.  Haydkk 172* 

report  on  fossils  from->-J.  Lbidy.     (R.  1861) 61 

Nebule,  index-catalogue  of  books  relative  to— B.  S.  Holden 311 

Nebulse,  researches  relative  to  the- Prof.  Oautieb.    (R.  1868) 187 

Nebular  hypothesis,  bibliography  of  the — E.  S.  Holden . 811 

Nematoda  of  northeast  coast  of  North  America— A.  B.  Yxeeill.    (P.  1879).-  8S8 

Nemertina  of  northeast  coast  of  America — A.  E.  Yebeill.     (P.  1879) 888 

Nemichtbys  avocetta,  new  species  of  Nemichthys,  description  of — D.  S.  Job- 
dak;  C.  H.  Gilbeet.     (P.  1880) 426 

Neptune — 

ephemerides  of,  1848,  1846-49, 1860, 1861, 1862— S.  G.  Walker.  4, 5,  6, 7, 24 

history  of  discovery  of— B.  A.  Gould 18 

investigation  of  orbit  of,  with  tables  of  its  motion — S.  Newcomb \99 

researches  relative  to — 8.  C.  Walkeb 3 

secular  variations  of  elements  of  orbit  of — J.  N.  Stookwell 232 

Nereis-Boreali- Americana — W.  H.  Habvey: 

Part     1.  MelanoepennstB '32 

Part   11.  RhodoapermecB 43 

Part  III.   ChlorospermoB 95 

Parts  I,  11,  III,  complete 96 

NeritidsB,  fresh-water— W.  G.  Binney 144 

Nerve,  polarized,  effect  of  irritation  of— B.  F.  Lautbnbach.     (R.  1878)..  841,  411 
Nervous  system  of  Rana  pipiens^  anatomy  of — J.  Wyman 45 

Neste— 

and  eggs  of  American  birds,  instructions  for  collecting — 8.  F.  Baibd. 

(R.  1868) 109,139 

17 
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Nests — Continued. 

and  ^g^  of  the  eight  North  American  species  of  empidonaoss— T.  M. 
Brewer.     (P.  1879) ^ SS8 

instructions  for  collecting  and  preserying-=-T.  M.  Brewkb 189 

of  west  coast  birds— J.  G.  Cooper.    (P.  1879) SS3 

Netherlands,  the,  Royal  Academy  of.     Prize  questions.     (B.  1861) 149 

Neucbatel,  lake  of,  palaflttes  or  lacustrian  constructions  of — E.  Dnoa.    (R. 

1865) - -» 209,  S$0 

Neuroptera — 

instructions  for  collecting— P.  R.  Uhlsr.     (R.  1868) 109 

North  American,  synopsis  of— H.  Haobn.     (R.  1861) 149, 134 

of  Arctic  America — S.  H.  Scudder 342 

of  North  America,  synopsis  of — H.  Haoek . 134 

of  North  America,  synopsis  of — P.  R.  Uhler IM 

pseudo-,  of  Eerguelen  Island — U.  A.  Haobk . 294 

Nevada,  western.  Centennial  mission  to  Indians  of— S.  Powers.     (R.  1876) —   299 

New — 

classification  of  clouds— A.  Poet.     (R.  1870) 244 

species  and  localities  of  microscopical  organisms,  notes  on — J.  W.  Bailit.    €3 
species  of  North  American  coleoptera.    Parts  i,  il — J.  L.  Lk  Conti.  167, 2€4 

system  of  weights  and  measures,  with  8  as  metrical  number— G.  H. 
Knight.    (K.  1807) 21* 

tables  for  determining  values  of  coefficients  in  perturbative  faoction  of 
planetary  motion — 'J.  D,  Rumkle ^^ 

New  Brunswick — 

Bay  of  Fundy ,  marine  invertebrata  of  region  about  mouth  of— W.  Stim r- 

80N ^ 

shell  heaps  in— J.  Powler.     (R.  1870) 24< 

shell  mounds  of— S.  P.  Uaird.     (P.  1881) *'• 

New  England — 

Crustacea  dredged  off  south  coast  of— S.  I.  Smith.     (P.  1880) ^^ 

fishes  from  south  coast  of,  descriptions  of  now  genera  and  species  of— 0. 
B.  GooDB.     (P.  1880) ^-^ 

frigate  mackerel  (Auxis  Rochei)  on  coast  of — O.  B.  Ooode.     (P.  1880}..  ^^ 

geology  of— E.  Hitchcock ^ 

marine  invertebrata  from,  distributed  by  U.  S.  Fish  Commission— A  E. 
Vkrrill;  R.  Ratubun.     (P.  1879) 1 ^ 

marine  invertebrates  from,  distributed  by  U.  8.  National  Museum— II-    * 
Ratubun.     (P.  1881)  — 467, 465, 471 

moUusca  added  to  fauna  of— A.  E.  Verrill.     (P.  1880)  ._ -   *'-^ 

shell  mounds  on  coa>t  of— S.  P.  Uaird.     (P.  1881) ^* 

New  Ilurmony,  Indiana,  account  of  tornado  near,  April  80, 1852 — J.  Cuapfel- 

»}A  ITU . ^^ 

New  Haven  Journal.    Account  of  lightning  discharges.     (R.  1867) ^'^ 
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New  JepB«»y — 

artificial  shell  deposits  in-^.  Rau.     (R.  1864) 188,  440,  362 

fishes  on  the  coast  of  Long  Island  and— 3.  F.  Baird.     (R.  1854) 76,  348 

stone  age  in—C.  C.  Abbott.     (R.  1876) 298,  394 

New  Jen»ey  Historical  Society,  address  of  Prof.  Henry  before  the B 

New  Madrid,  Missouri,  earthquake  atr-T.  Dudlet.     (R.  1858) 109 

New  Mexico — 

account  of  Lindheimer's,  Fendler's,  and  Wright's  botanical  explorations 

in— A.  Gray.     (R.  1849) 21 

antiquities  in— W.  B.  Lyon.     (R.  1871) 249 

communicationB  relative  to  publication  of  Spanish  works  on — E.  Robin- 
son ;  H.  E.  LuDSWio;  E.  O.  SQtriKR;  H.  C.  Murphry;  W.  B. 
Hodqson;  W.  Irving;  W.  H.  Prkscott;  J.  Sparks;  G.  Ban- 
croft; F.  L.  Hawks.     (R.  1856) _.      77 

description  of  new  cretaceous  Pinna  from — C.  A.  White.     (P   1880) 4:^5 

diary  of  excursion  in — J.  H.  Carlkton.     (R.  1864) 76 

eastern,  coleoptera  of  Kansas  and — J.  L.  Lb  Contb 126 

notes  un  the  history  and  climate  of— T.  A.  McParlin.     (R.  1877)..  828,  396 

plants  of,  collected  by  C.  Wright.     Parts  i,  ii — A.  Gray 22,  42 

report  of  explorations  in  Arizona  and — J.  Stevenson.     (R.  1880) 442 

New  York— 

aboriginal  monuments  of — E.  G.  Squier 15 

Clinton,  Hamilton  College.     Exchange  of  specimens.     (R.  1801) 1*49 

fishes  of— T.  Gill.     (R.  1866) ^ _. 91 

Fishkill,  deposit  of  arrow-heads  near — E.  M.  Shbpard.     (R.  1877) 828 

New  York,  explosion  of  nilro  in,  July,  1845 — R.  Hare . 17 

Orleans  county,  antiquities  <»f— P.  H.  Cuhuing.     (R.  1874) 286 

Schoharie,  Indian  relics  from — P.  D.  Andrews.     (R.  1870) 846 

Tompkins  county,  ancient  fort  and  burial  ground  in — D.  Trowbridge. 

(R.  18C3) - 187 

University  of  State  of,  Regents  of.     Acknowledgment  of  specimens.     (R. 

1865) 209 

Newberry,  J.  S.     Description  of  fossil  plants  from  Chinese  ooaUbparing  rocks.     202 

Newcastle,  Pennsylvania,  account  of  old  Indian  village  neur — E.  M.  McCon- 

NELL.     (R.  1871). -     249 

Newcomb,  S. — 

General  integrals  of  planetary  motion 281 

Investigation  of  orbit  of  Neptune,  with  tables  of  its  motion 199 

investigation  of  orbit  of  Uranus,  with  tables  of  its  motion 262 

Memorial  address  on  Joseph  Henry 856 

Newcoub,  S.,  and  others.    Scientific  instructions  to  Capt.  Hall.     (R.  1871) 249 

Ncwfoundliind,  new  species  of  fishes  from  Grand  Banks  of— G.   B.  Goode. 

(P.  1880) -". 426 

Newton,  A.    Suggestions  for  forming  coliections  of  bird^'  eggs....^ . 189 
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Nkwton,  a.    Suggestions  for  saving  parts  of  skeletons  of  birds.     (R.  1860) ..  14T 

Kbwtok,  H.  a.     Metric  system  of  weights  and  measures,  with  tables.    (B. 

1865) 209,871 

Nicaragua — 

antiquities  of— £.  Q.  Squikb.     (R.  1860) 28 

arcbaBological  researches  in— J.  F.  BraK8F01ii> 383 

eruption  of  volcano  in — A.  B.  Dickinson.     (R.  1867) 2U 

Nichols,  Lieut.  H.  E. — 

list  of  fishes  collected  by,  in  Gulf  of  California  and  on  west  coast  of  lower 
California— D.  S.  Jobdan;  C.  H.  Gilbert.    (P.  1881) 467 

notes  on  fishes  collected  by,  in  British  Columbia  and  southern  Alaska— 
T.  H.  Bkan.     (P.  1881) - 46T 

notes  on  fishes  collected  by,  on  west  coast  of  Mexico — D.  S.  Jordav;  C. 
H.  Gilbert.    (P.  1881) 467 

NiCKLta,  F.  J.    Scientific  Congress  of  Carlsruhe,  1858.     (B.  1860) 147 

Nile,  explorations  of  the— C.  Halb.     (R.  1865) —  209 

Nitre,  memoir  on  explosiveness  of — R.  Harb H 

Nitrification— B.  F.  Craig.     (R.  1861) 149 

Nitrogen  bodies  of  modern  chemistry — Prof.  Klbtzinskt.     (R.  1872) 271 

Nomenclator  zoologicus.    Alphabetical  list  of  generic  names  employed  by  nat- 
uralists.   Part  I— S.  H.  SouDDER •....  W 

Nomenclature  of — 

certain  North  American  birds,  revisions  of— R.  Ridowat.    (P.  1880) ..  425 

clouds 1. 8*' 

North  American  birds — R.  Ridowat ^ 

NoRRis,  P.  W.    Prehistoric  remains  in  Montana.     (R.  1870) ^ 

North  America — 

abbreviations  of  names  of  States  and  Territories  of ^ ^^ 

algse  of,  fresh-water,  history  of— H.  C.  Wood,  Jr ^^ 

algsB  of,  marine — See  W.  H.  Harvey. 

ancient  aboriginal  trade  in— C.  Rau.     (R.  1872) 271,  «0, 885 

ancient  history  of— M.  Much.     (R.  1871) _ ^^ 

atlas  of,  physical,  proposed — G.  Gibbs.     (R.  1866) ^^^ 

batrachia  and  reptiles  of,  check-list  of— E.  D.  Copb ^ 

bats  of,  monogpraph  of — H.  Allbn ^•^ 

birds  added  by  L.  Belding  to  fauna  of— R.  Ridowat.     (P.  1881) 467 

birds  of,  catalogue  of— S.  F.  Baird ^^ 

birds  of,  instructions  for  collecting  nests  and  eggs  of ^ 

birds  of,  nomenclature  and  catalogue  of — R.  Ridowat **^ 

birds  of,  review  of.    Part  i— S.  F.  Baird — -  ^ 

botany  of,  bibliographical  index  to— S.  Watson ^ 

coleoptera  of,  classification  of.     Parts  i,  ii — J.  L.  Lb  Contb ^f  ^ 

coleoptera  of,  list  of— J.  L.  Lb  Contb ^^ 
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ooleoptera  ofy  new  species  of.    Parts  i,  ii — J.  L.  Lk  Govts 167 ,  264 

combined  meteorological  system  for,  report  of  Gommittee  of  American 

Association  for  Advancement  of  Science  on.     (R.  1851) 51 

oonchology  of,  bibliography  of.     Parts  i,  ii — W.  G.  Binnsy 142,  174 

contributions  to  natural  history  of  fresh- water  fishes  of.     Part  i.  Mono- 
graph of  cottoids — 0.  GiRARD 30 

dipteraof,  catalogue  of— G.  R.  Obten  Sackbn . 102,  270 

diptera  of,  monographs  of — H.  Losw ;  R.  Ostkk  Sackbn.  141, 171,  219,  256 

duck  new  to  fauna  of— R.  Ridoway.     (P.  1881) 467 

explorations  on  western  coast  of — W.  H.  Dall.     (R.  1878) 275 

extinct  sloth  tribe  of— J.  Leidt. 72 

fishes  of  east  coast  of,  catalogue  of— T.  Gill 283 

fishes  of  Pacific  coast  of,  duplicates  of,  distributed  in  1881 — D.  S.  Jor- 
dan ;  P.  L.  JoiTY.     (P.  1881) 467 

forests  and  trees  of,  distribution  of — J.  G.  Goopkr.     (R.  1858) 109,  351 

grasshoppers  of,  cjrculur  relative  to  history  of 163 

Indians  of,  u^es  of  brain  and  marrow  o^  animals  among— T.  R.  Peale. 

(R.  1870) -. - 244 

lakes  of,  fluctuations  of  level  of— G.  Whittlesey 119 

lepidoptera  of,  catalogue  of — J.  G.  Morris 118 

lepidoptera  of,  synopsis  of — J.  G.  Morris 133 

libraries,  public,  in,  list  of — W.  J.  Rhbes . 116 

mammals  of,  catalogue  of — S.  F.  Baird 105 

map  of,  ethnological,  suggestions  relative  to— L.  H.  Morgan.    (R.  1861.)    149 

meteorological  stations  and  observers  in.     (R.  1868) ^ 224,  373 

mollusks  of  western — P.  P.  Garpenter 252 

myriapods  of,  belonging  to  family  LynopetcUidcB- — J.  A.  Ryder.     (P. 

1880) - 426 

neuroptera  of,  synopsis  of — H.  Haoen 134 

ortboptera  of,  catalogue  of— S.  H  Scudder 189 

rain  and  snow  fall  of,  tables  of— G.  A.  Schott 222,  353 

reptiles  of,  catalogue  of— 8.  F.  Baird;  G.  Girard 49 

shells  of,  catalogue  of— I.  Lea;  P.  P.  Garpenter;  W.  Stimpson;  W. 

G.  Binney;  T.  Prims 128 

shells  of,  circular  in  reference  to  collecting 176 

shells  of,  land  and  fresh-water.     Parts  i-iv— W.  G.  Binney  ;  T.  Bland. 

143,  144, 194,  253 

siluridss  of,  synopsis  of— D.  S.  Jordan 806 

stone  implements  of— G.  Rau.     (R.  1872) 271,382 

North  American — 

archsBology — J.Lubbock.    (R.  1862) — 150 

birds,  caUlogue  of— S.  F.  Baird 108 
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birds,  catalogue  of—R.  Ridowat.     (P.  1880) 42S,i22 

birds,  desiderata  among— R.  RiDOW AT.    (P.  1881) 467 

Continenti  physical  geography  of— J.  Frobbbl.     (R.  1864) .^ .»    7( 

fishes,  duplicates  of,  distributed  by  Smithsonian  Institution — T.  H.  Bbix. 
(P.  1880) ^ 435 

Indians,  catalogue  of  portraits  of— J.  H.  Stanlbt 53 

Indians,  list  of  photographic  portraits  of ^....^ 216 

stone  implements— G.  Rait.    (R.  1872) J 271,382 

stone  period,  agricultural  implements  of— G.  Rau.     (R.  18GS) 187,382 

tortoises,  land,  of  genus  Xerobaie»~^F.  W.  Tru^.     (P.  1881) 467 

North  American  Ichthyology,  contributions  to — 

Part     I.  Review  Rafinesque's  memoirs — D.  S.  Jordan 305 

Part   II.  A.  Notes  on  Cottidcs,  (etc.)     B,  Synopsis  Si/acru/o—D.  a 

Jordan 306 

Part  III.  A.  Distribution  of  fishes  of  Alleghany  region,  (etc)— D.  S. 
Jordan;  A.  W.  Bratton.  B,  Synopsis  of  fsmilj 
OiiioHtomidcB—J),  S.  Jordan 308 

North  American  Oology.     Part  I.  Raptores  and  fissirostres— T.  M.  Baiwit..   89 

North  Garolina — 

ancient  mica  mines  in — G.D.Smith.     (R.  1876) ^ 299 

Beaufort,  description  of  new  species  of  fish  {Caranx  Beani)  from— D.  S. 
Jordan.    (P.  1880) ^ _. _ _ 425 

Beaufort,  notes  on  fishes  of— D.  S.  Jordan;  G.  H  Gilbkrt.    (P.  1878.)  U3 

Black  Mountain,  topography  of— T.  L.  Glinoman.     (R  1855) J.  77 

earthquakes  in,  in  1874— W.  Du  PRi;  J.  Hknrt.     (K.  1874) ^ 

Lenoir  county,  antiquities  in — J.  M.  Spainhour.     (R.  1871)  ^..^ —  ^^^ 

Montgomery  county,  antiquities  of — F.  J.  Kron.     (R.  1874) ^ 

occurrence  of  PAyci*  r«^uM  in— T.  H.  Bkan.     (P.  1880) ~  ^ 

Stanley  county,  antiquities  of — P.  J.  Kron.     (R.  1874) 286 

North  German  Lloyd,  free  freight  between  Germany  and  United  States  by— 

R.  SCHLKIDKN.     (R.  1858) !<• 

North  Pacific  Surveying  Expedition,  contributions  to  natural  history  made  is 

connection  with— T.  H.  Strkkts ^ 

North  Pole,  expedition  toward  the,  scientific  instructions  to— J.  Hknrt;  J.  K. 
Hiloard;  S.  Nicwcomb;  S.  F.  Baird;  F.  B.  Mkek;  L.  Aoassix. 
(R.  1871) - 249 

North  Pole,  map  of  stars  near  the,  for  observations  on  the  aurora ^^ 

SI 
Northern  Hemisphere,  winds  of  the — J.  H.  Goffin ^ 

Northern  latitudes,  record  of  auroral  phenomena  observed  in — P.  Force " 

Northern  seas,  the— J.  Babinet.     (R.  1869) -—   ^ 

Northumberland.  Duke  of,  account  of  the _—— — — — 

119 
Northumberland,  Duke  of,  presentation  of  books  by.     (R.  1859) —— — 
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Northwest  coast  of  America,  kjdkken-mdddings  on  the — P.  Schvmacbxb. 

(R.  1878) - 276 

Norton,  B.    On  wasps ^ 254 

Norway,  Ethnological  Museum  of— L.  E.  Daa.     (R.  1862) 160 

Norway,  University  of  Cbristiania,  ethnological  specimens  from.     (R.  1868)..  187 

Norwegian  mountains,  lakes,  and  the  snow-line — O.  E.  Dreutzkb.     (R.  1866.)  214 

Notacanihus  phasganorus  from  Newfoundland — G.  B.  Qoodb.     (P.  1880) 426 

Note  on  occurrence  of  Phycia  regiua  in  South  Carolina — T.  H.  Bban.     (P.  1880.)  426 

Note  on  the  latiloid  genera— T.  Gill.     (P.  1881) 467 

Notes— 

of  egging  expedition  to  Shoal  Lake,  Lake  Winnipeg — D.  Gunk.     (R. 

1867) _ 216 

on  aboriginal  shell  mounds  of  New  Brunswick  and  New  England — S.  F. 

Baird.     (P.  1881) 467 

on  American  migration — F.  yon  Hellwald.     (R.  1866) 214 

on  fishes — See  D.  S.  Jordan;  G.  H.  Gilbert;  aUo^  Proceedings  National 
Museum. 

on  fishes  of  Pacific  coast  of  United  States — D.  S.  Jordan;  G.  H.  Gil- 
bert.    (P.  1881) _ - 467 

on  history  and  climate  of  New  Mexico— T.  A.  McParlin.  (R.  1877.)  828,396 

on  horary  variations  of  barometer — M.  Yaillant;  J.  Henry.  (R.  1866.)  214 

on  Indian  history— P.  V.  Haybbn.     (R.  1867) 216 

on  life  and  character  of  Joseph  Henry — J.  O.  Welling 356,  338 

on  mortality  among  fishes  of  Gulf  of  Mexico — S.  H.  Johnson.   (P.  1881.)  467 

on  new  spec*ies  and  localities  of  microscopical  organisms — J  W.  Hailey.  63 

on  physical  geography  of  North  America — J.  G.  Cooper.     (R.  1858.)  109,  351 

on  Salmonidasot  upper  Columbia — C.  Bendire.     (P.  1881) 467 

on  some  Costa  Rican  birds — R.  Ridqway.     (P.  1881) 467 

on  Tinneh  or  Chopewyan  Indians  of  British  and  Russian  America — G. 

GiBBS  and  others.     (R.  1866) 214,365 

on  Tonto  Apaches— C.  Smart.     (R.  1867) 216 

relative  to  George  Catlin— J.  Henry.     (R.  1872) _ —  271 

to  accounts  of  lightning  discharges,  by  G.  W.  Dodge  and  others — J. 

Henry.     (R.  1867) - — -  216 

to  article  on  vitality,  by  H.  H.  Higgins— J.  Henry.     (R   1860) .__ 214 

to  articles  on  meteorology,  by  G.  Latimer  and  others — J.  Henry.     (R. 

1871) - - - 249 

to  lectures  on  meteorology,  by  R.  Russell— J.  Henry.     (R.  1854) 76 

Notice,  biographical,  of — 

Agnssiz,  L.,  by  J.  A.  Garfield.     (R.  1878) 276 

Agnssiz,  L.,  by  P.  Parker.     (R.  1878) 276 

Blackmnre  Museum,  Salisbury,  England.     (R.  1808) 224 

Chase,  S.  P.,  by  J.  A.  Garvield.     (R.  1878) 276 
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Notice,  biographical,  of — Continued. 

Chase,  S.  P.,  by  H.  Hamlin.     (R.  1878) 276 

Cleaveland,  Parker,  by  J.  Henry.     (R.  1869) 110 

Espy,  James  P.,  by  A.  D.  Bache.     (R.  1859) 110 

Harvey,  W.  H.,  by  A.  Gray.     (R.  1867) 2l.j 

Irving,  Washington,  by  C.  C.  Pelton.     (R.  1860) 110 

Jewett,  C.  C,  by  R.  A.  Guild.     (R.  1867)— 215 

Rush,  Richard,  by  J.  A.  Pkarge.     (R.  1869) 110 

Schoenbein,  Christian  Frederic,  the  discoverer  of  ozone.     (R.  1868) 224 

Smithson,  James,  by  D.  Gilbert,  President  of  the  Royal  Society.    (R. 

1853)-. 67,S:» 

Smithson,  Jumos,  by  W.  R.  Johnson;  J.  R.  McD.  Irby S'-T 

Smithson,  James,  by  W.  J.  Rhebs.     (R.  1879) 349,330 

Turner,  W.  W.,  by  C.  C.  Fblton.     (R.  1869) 110 

Wiirderoann,  G  ,  by  A.  D.  Bache.     (R.  1859). 110 

Notice  of  recent  additions  to  marine  invertebrates  of  northeast  coast  of  America— 

A.  E.  Vbrrill.     (P.  1880)— 425 

Notices  of  public  libraries  in  the  United  States — C.  C.  Jewett 35 

Nova  Scotia — 

birda  of— Blackiston ;  T.  Bland;  J.  R.  Willis,     (R.  1858) 1<» 

fishes  obtained  At— See  G.  B.  Goode;  T.  H.  Bean. 

kjokken-moddings  in — J.  M.  Jones.     (R.  1863) i^* 

Numeration,  report  on  improved  system  of— W.  B.  Taylor.     (R.  1867) ^1^ 

Nuovi  Lincei,  Pontifical  Academy  of  the.     Prize  questions.     (R.  1865;  B. 

1867) - 209,216 

Nutation,  phenomena  of — J.  G.  Barnard _.. *^^ 

Nutter,  F.  H.     Mounds  on  Gideon's  farm,  near  Bxcelsior,  Hennepin  county, 

Minnesota.     (R.  1879) — -  ^ 
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o. 

Ober,  F.  A.— 

birds  of  Antigua  and  Barbuda  collected  by,  catalogue  of — G.  N.  Law- 
rence.   (P.  1878) 882 

birds  of  Dominica  collected  by,  catalogue  of— G.  N.  Lawbence.  (P.  1878.).    882 

birds  of  Grenada  collect^  by,  catalogue  of— G.  K.  Lawrence.  (P.  1878.)    882 

birds  of  Guadeloupe  collected  by,  catalogue  of — G.  N.  Lawrence.     (P. 

1878) J 882 

birds  of  Lesser  Antilles  collected  by,  catalogue  of— G.  N.  Lawrence. 

(P.  1878) 882 

birds  of  Martinique  collected  by,  catalogue  of— G.  N.  Lawrence.     (P. 

1878) ^ 882 

birds  of  St.  Vincent  collected  by,  catalogue  of— G.  K.  Lawrence.     (P. 

1878) - 882 

Ober,  P.  A.     Ornithology  of  the  Caribbee  Islands.     (R.  1878) 841 

Obsequies  of  Joseph  Henry • 866 

Observations — 

astronomical — W.  Harkness 289 

astronomical,  discussion  of  Piazzi's — B.  A.  Gould.     (R.  1868) 187 

astronomical,  in  Arctic  Seas — E.  K.  Kane 129 

in  Hudson's  Bay  Territory— B.  R.  Ross.    (R.  1869) 110 

magnetic,  in  the  Arctic  Seas — E.  K.  Kane 97 

physical,  in  Arctic  Seas — I.  I.  Hates 196 

physical,  in  Arctic  Seas.     Parts  i-iy — E.  K.  Kane 198 

scientific,  metric  system  for— A.  GuTOT.     (R  1848) I 

Observations — See  Magnetic,  Meteorological,  Physical,  Tidal. 

Observations,  meteorological — 

at  Brunswick,  Maine — P.  Gleayeland 204 

at  Providence,  Rhode  Island — A.  Caswell 103,  443 

at  Sacramento,  California— P.  W.  Hatch.     (R.  1864) 76 

at  Sacramento,  California — T.  M.  Looan.     (R.  1864) 75 

at  Washington,  Arkansas — ^.  D.  Smith 131 

combined,  report  of  committee  of  American  Association  for  Advance- 
ment of  Science  on  system  of.     (R.  1861) 61 

directions  for— A.  Guyot-._ 19 

for  year  1866 93 

in  the  Arctic  Seas— £.  K.  Kane - 104 

Observations  of — 

earthquake  phenomenar—R.  Mallet.     (R.  1869) 110 

Siredon  liehenoide8'-W ,  E.  Carlin.     (P.  1881) 467 

temperature,  best  hours  for— C.  Dewey.    (R.  1860) 147 

thunder  storm,  John  Wise's — R.  Hare.     (R.  1864) 76 

thunder  storms,  instructions  for — J.  Henrt «. 235 
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Observiitions  on — 

auroras,  map  of  stars  near  North  Pole  for S50 

Baiis  maritima  o{  Linnnus — J.  Torrbt €0 

electric  resonance  of  mountains — H.  Dx  SAuasxTRK.     (R.  1868) ~    224 

gold  ornament  from  mound  in  Florida — C.  Rait.     (R.  1877)...  323, 440,403 

ice — D.  Walker 146 

Mexican  history  and  archeology — B.  Matbr 86 

natural  phenomena,  shooting  stars,  aurora,  etc. --S.  Mabterman.    (R. 
1867) 107 

prehistoric  mounds  of  Grant  county,  Wisconsin — M.  Strong.   (R.  1876.)   299 

terrestrial  magnetism— J.  Locke  ....^ . 35 

terrestrial  magnetism  and  deviation  of  compasses  of  iron-clad  "Montd- 
nock" — W.  Harknkss— 239 

terrestrial  magnetism  in  Mexico— Baron  yon  Mulleb;  A.  Sonntao  ...  114 

thunder  and  lightning— S.  Mabterm AN.     (R.  1865) 77 

Ohservatories— 

at  Dorpat  and  Poulkova,  description  of— G.  Abbe.     (R.  1867) 216, 389 

detached,  universal  meteorograph  for — E.  H.  yon  Baumhauer.  (R.  1879.)   84i 

instructions  to,  relative  to  telegraphic  announcements  of  astronomical 
discoverit's — J.  Henry —   26J 

reporU  of,  1870— E.  S.  Holdbn.     (R.  1879) 345,410 

reports  of,  1880— B.  S.  Holden;  G.  H.  Boehxer.     (B.  1880) 442,438 

Ohservatorv — 

at  Cordova,  Argentine  Repuhlic,  account  of^-B.  A.  Gould.    (R.  1879.)  27S 

at  St.  Martin,  Isle  Jesus,  Canada  East,  description  of— C.  Smallwood. 
(R.  1856) W 

Girard  College — See  Rache,  A.  D. 

Kew,  verification  of  harometers  at — J.  Welbh.     (R.  1869) 11<^ 

magnetic,  at  Smithsonian  Institution,  description  of — J.  E  Hiloard 

(R.  1859) - -   11^ 

physical,  on  a— J.  Henry.     (R,  1870) _ 244 

Toronto,  instructions  by,  for  aurora  observations .    1^ 

Observers,  meteorological,  of  Smithsonian  Institution,  list  of.     (R.  1868)..  224,373 

Observers — See  Meteorological  stations  and  observers. 

Occultations — 

in  1862— C.  H.  Dayib 29 

of  planets  and  stars  by  the  moon,  1858 — J.  Downeb 5* 

visible  in  the  United  States  during  the  years  1848-1862 — J.  DointK*. 

8,  9, 10. 11,29 

Occultator,  account  of— T.  Hill _ J^^ 

Ocean,  fre>h  water  in  the— W.  C.  Dknnib.     (R.  1866) 214 

Ocean,  Indian,  cyclone  in  the— N.  Pike      (R.  1867) ~  215 

Oceanic  bonito  on  coast  of  United  States— G.  B.  GooDE ;  T.  H.  Bean.  (P.  1878 )  ^ 
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Oceanic  bonito  {Oreynus  p^lamya)^  occurrence  of,  in  Vineyard  Sound — V.  N. 

Edwards.     (P  187H) - , 8«2 

Odlino,  W.     Scientific  work  of  Thomas  Graham.     (R.  1871) —    249 

Okhleb.  a.     Stone  cists  near  Highland,  Madison  county,  Illinois.     (R.  1879.)    345 

Oersted,  H.  C,  memoir  of,  by  E.  De  Beaumont.     (R.  1868) 224 

Officers— 

and  establishment  of  the  Smithsonian  Institution  and  National  Mu^^eum.   449 

collaborators,  employ^!^,  etc.,  of  Smithsonian  Institution,  National  Mu- 
seum, Geological  Survey,  Bureau  of  Ethnology,  and  Fish  Commis- 
sion, directory  of 466 

and  Regents  of  Smithsonian  Institution,  1846,  list  of IT 

Ohio—  • 

ancient  earthworks  in,  sketch  of— I.  Dills.     (R.  1866) « 214 

ancient  works  in,  descriptions  of— C.  Whittlesey ' 37 

Ashland  county,  earthworks  in— G.  W.  Hill.     (R.  1877) 82;i 

Ashtabula  county,  double-walled  earthwork  in — S.  D.  Peet.     (R.  1876.)  299 

Holmes  county,  flint  instruments  in — H.  B.  Case.     (R.  1877) 828 

Kelley's  Island,  climate  of— G.  C.  Huntington.    (R.  1866)  ... 214 

Marietta,  meteorological  observations  at — S.  P.  Hildreth  ;  J.  Wood  ..  120 

northern,  antiquities  of— G.  W.  Hill.     (R.  1874) 286 

Perry  county,  antiquities  of— W.  Anderson.     (R.  1874) 286 

Trumbull  county,  mound  in— F.  Miller.     (R.  1877) 828 

Ohio  river,  habits  of  black  bass  of  the— J.  Eoff.     (R.  1854) 76 

Ohio  river,  suggestions  for  improvement  of  navigation  of — C.  Ellet,  Jr. 18 

Oil- 
coal,  explosibility  of— Z.  Allen.     (R.  1861) - - .—  149 

porpoise,  manufacture  of— C.  Cook.     (P.  1878) 882 

rock,  or  petroleum,  history  of— T.  S.  Hunt.     (R.  1861) 149 

OiUshark  of  southern  California— D.  S.  Jordan;  C.  H.  Gilbert.    (P.  1880.)  426 

Old-World  birds  in  National  Museum,  catalogue  of— R.  Ridoway.     (P.  1881.)  467 

Oligocene  fossils,  check-list  of— T.  A.  Conrad 200 

Olmos,  Peru,  account  of  solar  eclipse  at— J.  M.  Gilliss 100 

Olmsted,  D.    Aurora  borealis,  recent  secular  period  of 81 

Olney,  S.  T.     List  of  Rhode  Island  algaa 241 

Omaha  myth— J.  O.  Dorset.     (E.  1879-80) _ 476 

Oology,  North  American.     Part  i.  Raptores  and  fissirostres — T.  M.  Brewer..  89 

Oology  of  Eerguelen  Island— J.  H.  Kidder;  E.  Coues 294 

Opening  and  closing  of  Kennebec  river,  Maine — R.  H.  Gardiner.     (R.  1858.)  109 

Opheosaurus  ventralis,  remarks  on  osteology  of— R.  W.  Shufeldt.    (P.  1881.)  467 
Orbit— 

and  phenomena  of  meteoric  fire-ball — J.  H.  CorriN 221 

of  Neptune,  investigation  of,  with  tables  of  its  motion — S.  Newcomb  ..  199 

of  Uranus,  investigation  of,  with  tables  of  its  motion — S.  Newcomb 262 
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Orbits,  planetary,  secular  variations  of-— J.  N.  Stogkwsll.  (R.  1871) ...  249, 232 
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FELLOW ;  A.  Gray.     (R.  1868) 67 

Smithsonian  Institution,  report  of  committee  of  Regents  on B,  L.  'i^ 
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Pittsburg,  on  Des  Moines  river,  composition  of  ancient  pottery  found  at— R. 

N.  Bahlbbro  ;  O.  Dahlbsro.     (R.  1879) 846 

Plan  of— 

a  bibliography— J.  Priedlavder.     (R.  1868) 109 

organization  and  regulations  of  U.  S.  National  Museum — O.  B.  Ooode. 

(P.  1881) - —  467,  445 

research  upon  the  atmosphere — O.  M.  Wethsbill.    (R.  1866) 214 

Smithsonian  exhibit  at  Centennial— 8.  F.  Baird.     (R.  1875) 298 

Planet — See  Neptune,  TJranus. 

Planetary — 

disturbances,  lecture  on— E.  S.  SifXLL.     (R.  1866) 77 

motion,  general  integrals  of— S.  Newgomb • 281 

motion,  perturbative  function  of,  tables  for  determining  values  of  coeffi- 
cients in — J.  D.  RuNXLE 79,  94 

orbits,  secular  variations  of  elements  of — J.  N.  Stookitell.     (R.  1871.) 

•  249, 232 

Planetoids — See  Asteroids. 

Planets— 

between  Mars  and  Jupiter— Prof.  Lespiault.     (R.  1861) 149 

between  Mars  and  Jupiter,  lecture  on — B.  Looiiis.     (R.  1864) .      76 

occultaUons  of— See  Downes,  J. 

Planisphere  of  the  visible  heavens  for  observations  of  meteoric  displays 359 

Plans  for  the  installation  of  collections  in  the  U.  S.  National  Museum — O.  B. 

Ooode.    (P.  1881) - 467,  472 

Plans  of  the  Smithsonian  building — R.  D.  Owen P 

Plant©  Fr^montianas— J.  Torret — 46 

Plants  WrightiansB  Texano-Neo-Mexicanas.    Parts  i,  ii — A.  Orat »  22,  42 

Plamtamour,  E.  Report  on  transactions  of  the  Society  of  Physics  and  Natu- 
ral History  of  Geneva,  July,  1864,  to  June,  1866;  July,  1874,  to  June, 
1876.     (R.  1866;  R.  1877) 209,  828 

Plants- 
collected  by  J.  C.  Pr6mont  in  California — J.  Torret « 46 

cryptogamous,  present  state  of  knowledge  of— W.  Reichardt.  (R.  1871.)    249 

dates  of  blossoming  of— F.  B.  HouoH 182 

dates  of  defoliation  or  fall  of  leaf  of— F.  B.  Hough 182 

dates  of  foliation  of— F.  B.  Houqh 182 

directions  for  collecting  and  preserving — L.  F.  Ward 460 

of  Arctic  America,  descriptions  of— A.  Orat . 842 

of  Texas,  New  Mexico,  and  Mexico,  collected  by  C.  Wright — A.  Orat.     22 

of  upper  Missouri,  list  of— T.  C.  Porter.     (R.  1860) 28 

of  Washington,  check-list  of— L.  F.  Ward 461 
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Plants— iSee  Torrey,  J.,  Oray,  A. 

Plaster  casts— ^ 

methods  of  making  and  preserving — A.  Pntz.     (P.  1881) —^   467 

of  antique  and  modern  statues — W.  J.  Stone.     (R.  1865) 77 

of  heads  of  Indian  hoys  and  girls  at  Hampton,  Virginia — R.  H.  Pratt. 
(P.  1879) - m 

of  heads  of  Indian  prisoners  at  St.  Augustine,  Florida — R.  H.  Pratt. 
(P.  1878) m 

Platkau,  F.     Rapid  preparation  of  myological  specimens.     (P.  1881) 467 

Plateau,  J.  Experimental  and  theoretical  researches  on  the  figures  of  equi- 
librium of  a  liquid  mass  withdrawn  from  the  action  of  gravity.  Parts 
i-vi.     (R.  1868-1866) 187, 188, 20?,  214 

Platessa  ferruginea,  note  on— G.  B.  Goods;  T.  H.  Bean.     (P.  1878) SS2 

Platessa  rostrata,  note  on— G.  B.  Goode;  T.  H.  Bean.     (P.  1878) S33 

Platycnemism  in  Michigan— H.  Gilluak.     (R.  1878) 275,393 

Platyrbina  ezasperata,  generic  relations  of — D.  S.  Jobdak;  0.  H.  Gilbert. 

(P.  1880) 425 

Platyrhina  triseriata,  new  ray  from  coast  of  California,  description  of— D.  S. 

Jordan;  C.  H.  Gilbert.     (P.  1880)— » 42S 

Platysomatichthys  stomias,  new  flounder  from  coast  of  California,  description 

of— D.  S.  Jordan;  C.  H.  Gilbert.    (P.  1880) ^   425 

Pleuronectes  glaher,  identity  of,  with  Euchalarodua  Pulnami — ^T.  H.  Beak. 

(P.  1878) m 

PleuronectidsB  of  San  Francisco,  review  of— W.  N.  Lookinoton.     (P.  1879)..   833 

Pleuronichthys  verticalis,  new  flounder  from  coast  of  California,  description 

of— D.  S.  Jordan;  C.  H.  Gilbert.     (P.  1880) 425 

PoE,  0.  M.    Account  of  lightning  discharges.     (R.  1867) 215 

PoJBT,  A.     New  classification  of  clouds.     (R.  1870) 244 

Poet,  F.    Notes  on  American  species  of  genus  Oyhium,     (P.  1878) SS2 

PoooENDORFF,  J.  C.    Use  of  galvanometer  as  measuring  instrument.    ( R.  1859.)  110 

Pointo,  hoiling  and  melting— F.  W.  Clarke 265,288 

Points,  spear  and  arrow,  primitive  manufacture  of,  along  line  of  Savaansh 

river— C.  C.  Jones,  Jr.     (R.  1879)  — «5 

Poison — iSm  Venom. 

Poisoned  arrows,  lecture  on  nature  and  cure  of  wounds  of — D.   Brainard. 

(R.  1854) T5 

Poisonous  water  in  Gulf  of  Mexico,  destruction  of  fish  hy — J.  T.  Porter. 

(P.  1881) 467 

Polar  expedition — See  Hall,  Capt. 

Polar  expedition,  the  Howgate,  contrihutions  to  natural  history  of  Arctic 

America  made  in  connection  with — L.  Kuhlibn «^ M 

Polar  light,  or  aurora  horealis,  its  phenomena  and  laws — S.  LooiCD.    (R.  186&)  ^ 

Polaris  expedition,  scientific  instructions  for — J.  Henrt;  J.  S.  Hiloaro;  S. 

Newcomb  ;  S.  F.  Baird  ;  F.  B.  Meek  ;  L.  Aoabsie.     (R.  1871) ^ 
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Polarised  nerve,  effect  of  irritation  of— B.  F.  Lautsnbach.     (B.  1878)..  841,  411 

Pollock,  J.    Assay  of  coins  at  the  Mint  of  the  United  States.     (R.  1868) 224 

Polychrome  bead  from  Florida— S.  8.  Haldbman.     (R.  1877) 828,  404 

Polypetale,  bibliographical  index  of— 8.  Watsok . 268 

Polypi,  relations  of  lucernariafts  to— H.  J.  Clark 242 

Polyzoa  of  northeastern  coast  of  America,  notice  of  recent  additions  to — A.  B. 

Verrill.     (P.  1879) 888 

Pomadasys,  description  of  new  species  of,  from  Mazatlan,  Mexico— D.  S.  Jor- 
dan j  0.  H.  Gilbert.     (P.  1881) _ i 467 

Pontifical  Academy  of  the  NuoTi  Lincei,  Rome.    Prize  questions.     (R.  1866; 

R.  1867) - — 209,  216 

Poole,  H.    Cone-in-cone.     (R.  1868) 187 

Popocatepetl,  examination  of — Baron  ton  Mullbr;  A.  Sonntaq 114 

Population  of  the  world,  estimate  of  the — ^E.  Maillt.     (R.  1878) 276 

Porcupine,  Canada,  occurrence  of,  in  Maryland — O.  Lugger.     (P.  1881) 467 

Porcupine,  Canada,  occurrence  of,  in  West  Virginia — G.  B.  Goode.     (P.  1878.)  832 

Porifera  of  northeast  coast  of  America — A.  S.  Verrill.     (P.  1879) 888 

Porpoise  oil,  manufacture  of— C.  Cook.     (P.  1878) 882 

Porter,  Commodore.    Account  of  hail  storm  on  the  Bosphorus.     (R.  1870) 244 

Porter,  J.  T.    Destruction  of  fish  by  poisonous  water  in  Gulf  of  Mexico. 

(P.  1881) 467 

Porter,  J.  T. ;  Jetter80N,  J.  P. ;  Moore,  T.    Destruction  of  fish  near  the 

Tortugas.     (P.  1878) - 882 

Porter,  T.  C.    List  of  plants  of  upper  Missouri.     (R.  1860) ^ 28 

Portland  Society  of  Natural  History,  account  of— B.  C.  Bolles.     (R.  1867)  -.    216 

Porto  Rico^ 

description  of  new  owl  from— R.  Ridgwat.     (P.  1881) , 467 

great  hurricane  at — G.  A.  Latimer.    (R.  1867) 216 

Latimer  collection  of  antiquities  from— O.  T.  Mason.     (R.  1876) 397 

meteorology  of— G.  Latimer.    (R.  1871)  — ^ 249 

Portraits — 

of  North  American  Indians,  catalogue  of— J.  M.  Stanley 53 

of  North  American  Indians,  Stanley,  report  of  Committee  of  Regents 

on.     (R.  1867) — - 107 

photographic,  of  North  American  Indians,  in  gallery  of  Smithsonian 

Institution,  list  of , 216 

Potamocottus  Bendirei,  description  of— T.  H.  Bean.     (P.  1881)  _ _ 467 

Pottery — 

ancient,  from  Phillips  county,  Arkansas — J.  H.  Devereuz.     (R.  1872.)    271 

ancient,  from  Pittsburg,  on  Des  Moines  river — R.  N.  Dahlberg  ;  C. 

Dahlbbrg.     (R.  1879) — 346 

.  Indian— C.  Rau.     (R.  1866) 214,  440,  368 

Pouched  rat,  or  salamander  of  Georgia,  habits  of— W.  Gebner.     (R.  1860)  ...    147 

Poulkoya  and  Dorpat,  description  of  observatories  at — C.  Abbe.    (R.  1867.)  216,  369 
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PowBLLi  B.    Reports  on  itate  of  knowledge  of  radiant  heat     (B.  1860) UO 

POWKLL,  J.  W. — 

Bvolution  of  language.     (B.  1879-^). 476 

Limitations  to  use  of  some  anthropological  data.     (B.  1879-^) 476 

Mythology  of  North  American  Indians.     (B.  1879-80) 476 

Report  of  Director  of  Bureau  of  Bthnology.     (B.  1879-80) 476 

Wyandot  gOTernment.     (B.  1879-80) 476 

PowEKS,  S.     Centennial  mission  to  Indians  of  western  Nevada  and  Californis. 

(R.  1876) - _ _ - -   2» 

Pratt,  R.  H.     Catalogue  of  casts  of  heads  of  Indian  hoys  and  girls  at  Hsmp- 

ton  Institute,  Virginia.     (P.  1879) «38 

Pratt,  R.  H.     Catalogue  of  casts  of  heads  of  Indian  prisoners  at  St  Augus- 
tine, Florida.     (P.  1878) S82 

Pratt,  W.  H.    Antiquities  of  Whiteside  county,  Illinois.     (R.  1874) 286 

Prayer  at  funeral  of  Joseph  Henry — 0.  Hodob Jfi4 

Prayer  at  memorial  of  Joseph  Henry — J.  McCosh 856 

Prayer  at  memorial  of  Joseph  Henry — B.  Sukdbrland ^ 

Precession  of  the  equinoxes — J.  N.  Stockwell-...-^ 212 

Precession  of  the  equinoxes,  problems  presented  by — J.  G.  Barkard 240, 310 

Precious  stones — J.  Babinet.     (R.  1870) 244 

Precipitation — 

influence  of  rain  upon  the  formation  of — J.  Hakk.     (R.  1877) 928,396 

of  rain  and  snow  in  the  United  States,  charts  of—C.  A.  Schott 374 

of  rain  and  snow  in  Che  United  States,  tables  x>f—0.  A.  Schott 222, 3$S 

Prehistoric — 

9 

antiquities  of  Hungary— F.  F.  Romsr.     (R.  1876) 299, 440,292 

archaoology,  international  code  of  symbols  for  charts  of — G.  be  Kobtil- 
LET ;  B.  Chantre.     (R.  1876) 298 

evidences  in  Missouri — G.  C.  Broadhead.     (B.  1879) --   **^ 

man,  remains  of,  from  caves  in  Alaska — W.  H.  Dall 218 

mounds  of  Grant  county,  Wisconsin— M.  Stroko.     (R.  1876) «- ^ 

remains  in  vicinity  of  city  of  Washington,  D.  C— T.  R.  Peals.    (B. 
1872) J -   271 

Prentiss,  S.  S.  ;  Coues,  B.     List  of  birds  of  the  District  of  Columbis.    (B. 

1861) ^  1« 

Preparation  of  large  myological  specimens — ^F.  J.  Plateau.     (P.  1881)... —   ^ 

Preparations,  dry,  on  Semper's  method  of  making — J.  A.  Rtder.    (P.  1881)  ^' 

Prescott,  Canada  West,  ancient  Indian  remains  near — W.  B.  Guest.    (B- 

1866) ^^ 

Prescott,  W.  H.,  and  others.    On  publication  of  Spanish  works  on  Kev 

Mexico.     (R.  1865) ^ 

Present  state  of  ethnology  in  relation  to  form  of  human  skull— A.  Betzitjs. 

(R.  1859) - —  1^* 


OP  SMITHSONIAN  PUBLICATIONS.  279 
PreMntation  of— 

bookB— DUKX  OF  N0RTBt7UBBBLA.ND.      (R.  1869) . 110 

bookS^lMFXBIAL  LiBRABT  OV  YlXNNA.      (B.  1866) 209 

books  on  Brazil— M.  M.  Lisboa.     (R.  1865) 209 

books  on  Egypt— R.  Lxfsius.     (R.  1860) 147 

collections  by  foreign  goTernments.     (R.  1876) 299 

engravings— C.  B.  Kino.     (R.  1861) 149 

specimens — TJniyebsitt  or  Chbibtiakia,  Nobwat.    (R.  1868) 187 

Preservation — 

and  collection  of  marine  invertebrates— W.  Stimpbok 84 

of  antiquities  and  national  monuments  in  Denmark — J.  J.  A.  Wobsaax. 

(R.  1879) - 846 

of  copper  and  iron  in  salt  water — A.  E.  Bxcquxbxl.     (R.  1864) 188 

of  wood.     (R.  1864) ^ 188 

Preserving — 

diptera,  directions  for — R.  Ostbn  Saoxxk 102 

fish,  directions  for— T.  H.  Bxak.     (P.  1881) 467,  464 

insects,  directions  for — A.  S.  Packard ' 261 

lepidoptera,  method  of— T.  B.  Pxalk.     (B.  1868) 187 

nests  and  eggs,  instructions  for — T.  M.  Bbxwxb  .... 189 

plants,  directions  for — L.  F.  Wabd 460 

specimens  of  diatomacea — ^A.  M.  Edwards .^ . 366 

specimens  of  natural  history — S.  F.  Baibd.     (B.  1866) 91,  34 

Pressure  and  velocity  of  the  wind— J.  Hann.     (B.  1877) 823,  898 

Pressure  of  the  air— J.  Hann  and  others.     (B.  1877) 828,  898 

PRXSTWICH,  J.    Past  and  future  of  geology.     (B.  1876) .298 

Priestley,  J.,  memoir  of,  by  G.  Cuvibb.     (B.  1868) 109 

Priestley's  lens,  account  of— J.  Hbnbt.     (B.  1869) 110 

Pbihx,  T.     Monograph  of  American  corbiculadsB .'...  145 

Pbimk,  T.,  and  others.    Oheck-list  of  shells  of  North  America 128 

Primitive  manufacture  of  spear  and  arrow  points  along  line  of  Savannah  river — 

C.  C.  JoNXS,  Jr.    (R.  1879) —  846 

Prince  Regent's  Inlet,  meteorological  observations  in — F.  L.  McClintock 146 

Princeton,  New  Jersey,  address  at,  by  J.  Hxnbt E 

Principles — 

and  methods  of  palssontology— T.  H.  Huzlxt.     (B.  1869) 228 

of  crystallography  and  crystal lophysics,  explanation  of — A.  Bbkzina. 

(B.  1872). _ 271,  386 

of  mechanital  theory  of  heat — J.  Mullxr.     (B.  1868) '. 224 

of  physics,  present  fundamental — F.  J.  PiSKO.    (B.  1879) 846 

of  subcutaneous  surgery — W.  Adams 302 

Prionotus  stephanophrys,  new  species  of  Prionotus  from  coast  of  California, 

description  of— W.  N.  Lockington.     (P.  1880) 426 
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Prize  questions^- 

Academy  of  Sciences  of  the  InBtituta  of  Bologn*.     (B.  1862) ISO 

Batavian  Society  of  Experimental  Philosophy  of  Botterdam.    (B^  1861.)    149 

Dunkirk  Society  for  Encouragement  of  Sciences,  Letters,  and  Arts.   (R. 

.   Holland  Society  of  Science,  Harlem.  (B.  1861 ,  1864, 1867, 1878)  149, 188, 224, 275 

Imperial  Academy  of  Sciences  of  Vienna.     (B.  1864;  B.  1865) 188,  209 

Imperial  Society  of  Natural  Sciences  of  Cherbourg.     (B.  1864) 188 

Imperial  Society  of  Science,  Agriculture,  and  Arts  of  Lille.    (R.  1865.)    309 

London  Institution  of  Civil  Engineers.     (B.  1862) 150 

Pontifical  Academy  of  Nuovi  Lincei,  Rome.     (B.  1865;  B.  1867) —  209,214 

Boyal  Academy  of  Netherlands.     (B.  1861) H9 

Boyal  Academy  of  Science,  Literature,  and  Pine  Arts,  Brussels.  (R.  1878.)   276 

Boyal  Danish  Society  of  Sciences.     (B.  1862,  1865, 1867) 150, 209, 2U 

Boyal  Institute  for  Encouragement  of  Natural,  Economical,  and  Tech- 
nological Science,  Naples.     (R.  1878) 276 

Boyal  Prussian  Academy  of  Sciences.     (B.  1864) 188 

Boyal  Scientific  and  Literary  Institute  of  Lombardy.     (B.  1865) 209 

Society  for  Encouragement  of  Science,  Literature,  and  Art,  Dunkirk, 
Prance.     (B.  1878). . 275 

Society  of  Arte  and  Sciences  of  Utrecht.     (B.  1861 ;  B.  1862) 149, 160 

Society  of  Science,  Art,  and  Literature  of  Hainaut,  Mons,  BelgiunL 
(ft.  1878) _ ^   276 

Problems  of  rotary  motion,  presented  by  gyroscope,  precession  of  equinoxes, 

and  pendulum — J.  G.  Babkabd... - 240 

Proceedings  of — 

Board  of  Begents — See  Begents. 

Establishment,  1853-1854.     (B.  1858) 67,329 

U.  S.  National  Museum.     Vols,  i-iy,  1878-1881 332,  333, 425,467 

17«  S.  National  Museum,  catalogue  and  index  of 478 

Products  of  combustion  of  gun-cotton  and  gunpowder — Lieut,  yon  Kabolti; 

B.  P.  Oraiq.     (R.  1864) 2 188 

Productus  giganteus,  note  on  occurrence  of,  in  California — C.  A.  Whitb.    (P. 

1880) *^ 

Programme  of  organization  of  Smithsonian  Institution Pi'*^ 

Progress — 

in  physics — See  J.  Muller. 

in  science^  record  of — See  Becord. 

of  astronomical  photography — Dr.  Lbs-     (B.  1861) !<• 

Project  of  outline  history  of  education  in  United  States — P.  A.  Packabd. 

(B.  1868) - 187 

Promotion  of  science  in  the  V  nited  States,  Tyndall  trust  for  the.     (B  1872) ..   271 

Propagation  of  disease — J.  C.  Dalton.     (B.  1878) 21* 

Prospectus  of  a  Bibliographia  Americana— H.  Stbybxs.     (B.  1848) ^ 
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Providence,  Bhode  Island,  meteorological  observations  at — A.  Cabwsll  : 

1881  lo  1880  - - - - 103 

1881  to  1876 - - 443 

Proviocetown,  Massachusetts,  experiments  made  at,  upon  animal  heat  of  fishe^- 

J.  H.  Kidder.    (P.  1879)  — 888 

Provincetown,  Massachusetts,  littoral  marine  fauna  of— R.  Eathbun.  (P.  1880.)  426 

Provincial  Society  of  Arts  and  Sciences,  Utrecht.    Prize  questions.    (B.  1862.)  160 

Provisional  classification  of  the  food  collections— G.  B.  Goods.     (P.  1881.)  467,  455 

Prussian  Boyal  Academy  of  Sciences.     Prize  questions.     (B.  1864) 188 

Psychrometric  observations 167 

Psychrometrical  tables— J.  H.  GorviK 87 

Pterophryne,  on  proper  specific  name  of— T.  Gill.     (P.  1878) .  832 

Ptychochilus  Harfordi,  new  species  of  PtychochUua^  description  of — D.  S.  Jor- 
dan; C.H.  Gilbert.    (P.  1881) _ 467 

Public — 

architecture,  hints  on — B.  D.  Owen P 

buildings,  acoustics  applied  to— J.  Henry.     (B.  1866) 91 

instruction,  minister  of,  report  to  Emperor  of  France  by,  on  scientific 

expedition  to  Mexico.     (B.  1864) 188 

libraries  of  the  United  States,  notices  of— G.  0.  Jewstt.     (B.  1849)..  21,  25 

libraries — See  Libraries. 

Publications — 

exchange  of— Agricultural  Absociation  or  Milan.    (B.  1868) 187 

exchange  of— Chamber  of  Commerce  or  Bordeaux.    (B.  1863) 187 

of  learned  societies  and  periodicals  in  Smithsonian  library.   73,  85, 117, 179 

of  Smithsonian  Institution,  list  of.  (B.  1866.)  74,  208,  226,  246,  278,  290, 

801,  844,  487,  478 

of  U.  S.  Government,  1868-1881— G.  H.  Boehmer 477 

of  U.  S.  National  Museum,  list  of.     (P.  1881) —  467,  474 

periodical  received  in  reading-room  of  Smithsonian  Institution    Q 

report  on,  1868-1866— S.  F.  Baird.     (B.  1868-1866.)  67,  76,  77,  91,  107, 

109,  110,  147,  149,  160,  187,  188,  209,  214 

Puebla,  Mexico,  description  of  large  fossil  gasteropod  from — 0.  A.  White. 

(P.  1880) - —  426 

Puget  Sound,  description  of  two  new  species  of  flounders  (Parophrya  isehyurus 
and  Bippogloaeoidea  elaesodon)  from — D.  S.  Jordan;  C.  H.  Gilbert. 

(P.  1880) - 426 

Pulmonata  geophila,  monograph  of— W.  G.  Binney;  T.  Bland 194 

Pulmonata  limnophila,  monograph  of — W.  G.  Binnet 148 

PuMPSLLT,  B.    Geological  researches  in  China,  Japan,  and  Mongolia 202 

Purple  dyeing,  ancient  and  modern.     (B.  1868) . — ....^ . 187 
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QuALtf;  Lbwib.     Account  of  the  cryolite  of  Qreenland.     (R.  1866) 214 

Qualitative  determinationfl  by  the  blow-pipe — ^T.  Eglxston.     (B.  1872} 271 

Quartermasters,  authority  to,  to  receive  and  transmit  specimens  to  Smithsonian.  U 

QuATBSTAaES,  J.  L.     Memoir  of  Isidore  G^ffroy  St.  Hilaire.     (B.  1862) —  ISO 

Queen  Oharlotte's  Islands,  Haidah  Indians  of — J.  Q.  Swak 267 

Queries  about  expression  for  anthropological  inquiry — 0.  Dabwdt.    (B.  1867.)  216 

Queries  relative  to  tornadoes — J.  Hxkbt .- 190 

Questions  relative  to  the  food  fishes  of  the  United  States— S.  F.  Baied 29i 

Questions — See  Prize  questions. 

Quetelet,  L.  A.  J.,  eulogy  on,  by  £.  Maillt.     (R.  1874) 286 

Quick,  B.  B.     Mounds  in  Franklin  county,  Indiana.     (B.  1879) 845 

Quillehute  Indians  of  west  coast  of  Washington  Territory,  method  of  taking 

surf  smelt  by— J.  G.  Swan.     (P.  1880) . 4S 

Quincy,  Illinois,  mounds  near — W.  G.  Armstroko.     (B.  1879) t4b 


Babbit  catching  the  sun  in  a  trap  (Omaha  myth) — J.  O.  Dokskt.     (B.  1879-80.)  476 

Baoe,  the  human,  probable  future  of—- A.  Dk  Oandollx.    (B.  1876) 296 

Baces — 

intermixture  of— Q.  Gibbs.    (B.  1864) 188 

lower,  social  and  religious  condition  of  the— J.  Lubbook.     (B.  1869) 228 

mixed,  in  Liberia— B.  D.  Bltdbn.     (B.  1870) 244 

Badiant  heat,  reports  on  state  of  l^owledge  of— B.  Powxll.     (B.  1869) HO 

Badiates  of  Arctic  America — ^A.  B.  Yebbill 342 

Badiation,  lecture  on— J.  Tyndall.     (B.  1868)  .» - - >-  224 

Bafinesque's  memoirs  on  North  American  fishes,  review  of — ^D.  S.  Joroak S06 

Baia  inornata,  note  on — D.  S.  Jordan;  0.  H.  Gilbert.     (P.  1881) 467 

Baia  rhina,  new  species  of  ray  from  coast  of  California,  description  of— D.  S. 

Jordan;  G.  H.  Gilbert.     (P.  1880) —   425 

Baia  stellulata,  new  species  of  ray  from  Monterey,  California,  description  of— 

D.  S.  Jordan;  C.  H.  Gilbert.     (P,  1880) 425 

Bain —  • 

and  atmospheric  pressure — J.  Hann.     (B.  1877) 328,398 

and  barometric  minima— T.  Beye.     (B.  1877) 823,898 

and  snow,  tables  of  precipitation  in — C.  A.  Sohott 222,353 
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Bain — Continued. 

articles  on,  preBerved  in  Smithsonian.     (B.  1874) ^ 286,  353 

gauges — B.  H.  Qabdikxb.     (B.  1858) 109 

influence  of,  upon  the  harometer — J.  Hanit.     (B.  1877) 828,  898 

observations 167 

presence  of  electricity  during  fall  of— Prof.  Palmieri.     (B.  1870) 244 

quantity  of,  at  different  heights— O.  W.  Morris;  J.  Hxnrt.     (B.  1866.)      77 

snow,  or  hail,  electricity  of  induction  in  %trata  of  atmosphere  surround- 
ing cloud  resolving  into — F.  Zamtbdesobi.     (R.  1870) 244 

Bain-oharts  of  United  States,  1, 2, 8 :  summer,  winter,  and  year — C.  A.  Schott.  374 

Bana  pipiens,  anatomy  of  nervous  system  of — J.  Wtman 45 

Baptores,  odlogy  of— T.  M.  Brewer 89 

Bat,  pouched,  of  (Georgia,  habits  of-— W.  Gesner.     (B.  1860) 147 

Bathbun,  B.     Littoral  marine  fauna  of  Provincetown,  Cape  Cod,  Massachu- 
setts.    (P.  1880) 426 

Bathbuk,  B.     Marine  invertebrates  from  New  England,  distributed  by  U.  S. 

National  Museum,  list  of..   (P.  1881)  -. 467,  465,  471 

Bathbun,  B.  ;  Yerrill,  A.  E.     Marine  invertebrata  of  New  England,  dis- 
tributed by  Pish  Commission.     (P.  1879) 888 

Batio  between  diameter  and  circumference  of  a  circle — W.  Febrel 233 

Battlesnake,  researches  upon  venom  of — S.  W.  Mitchell 135 

Battlesnakes,  bibliography  of— S.  W.*Mitchell 135 

Battlesnakes,  genera  and  species  of — E.  D.  Cope 185 

Bau,  C— 

Agricultural  flint  implements  in  southern  Illinois.     (B.  1868.)  224,  440,  370 

Agricultural  implements  of  North  American  stone  period.     (B.  1868.)  187,  440 

Ancient  aboriginal  trade  in  North  America.     (B.  1872) 271,  440,  385 

Anthropological  publications,  list  of.     (P.  1881)  .-  .. , , 467 

Archaeological  collection  of  the  U.  S.  National  Museum 287 

Artificial  shell-deposits  in  New  Jersey.    ^B.  1864) 188,  440,  362 

Drilling  in  stone  without  metal.     (B.  1868) —  224,  440,  372 

Gold  ornament  from  mound  in  Florida,  observations  on.     (B.  1877.) 

828,  440,  403 

Indian  pottery.     (B.  1866) - 214,  440,  368 

Memoir  of  0.  F.  P.  Von  Martins.     (B.  1869) 228,  440,  251 

North  American  stone  implements.     (B.  1872) 271,  440,  382 

Palenque  tablet  in  the  TJ.  S.  National  Museum 331 

Stock-in-trade  of  an  aboriginal  lapidary.     (B.  1877).. 828,  440,  402 

Translation  of  Baegert's  account  of  the  Indians  of  southern  California. 

(B.  1868;  B.  1864) 187,  188,  440,  361 

Translation  of  Bomer's  antiquities  of  Hungary.     (B.  1876)  ...  299,  440,  392 

Bawsok,  B.    Memoir  of  Eaton  Hodgkinson.     (B.  1868) 224 

Bead,  M.  C.     Ancient  mound  near  Chattanooga,  Tennessee.     (B.  1867) 215 
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Beading-room  of  Smithsonian  Institution,  periodicals  received  in,  1868 Q 

Beoalculation  of  atomic  weights.     Constants  of  Nature  Part  y— F.  W.  Olammjl.  441 

BeceipU  of  specimens — See  annual  reports. 

Becent — 

improvements  in  the  chemical  arts — J.  C.  Booth;  C.  Mosvit 27 

progress*  in  physics— J.  Mijllkr.     (R.  1866^1868) 77,  91.  107, 109 

progress  in  relation  to  the  theory  of  heat— A.  Cazik.     (B.  1868) ^    224 

progress  in  science,  reports  on — See  Record  of  recent  progress. 

researches  on  secular  variations  of  planetary  orhits — J.  N.  Stookwsll. 
(B.  1871) - - 24» 

Recommendation  of  Shea's  Indian  linguistics — G.  Gibbs  and  others.     (R.  1861.)    U9 

Record  of— 

auroras  in  higher  northern  latitudes — P.  Force 64 

meteorological  material  preserved  in  Smithsonian.     (R.  1874) 286 

monthly  meteorological  reports  preserved  in  Smithsonian   Institution. 

(R.  1878) 276 

Record  of  recent  progress  in  science,  1879  and  1880 — 

Anthropology— O.  T.  Masok.     (R.  1880) 442,432 

Astronomy— E.  S.  Holdkn.     (R.  1880) 442,427 

Botany— W.  G.  Fablow.     (R.  1880) 442,430 

Chemistry— G.  F.  Barker.     (R.  1880) 442,429 

Geology— G.  W.  Hawes.     (R.  1880)  -.,— 442, 428 

Mineralogy— G.  W.  Hawes.     (R.  1880) — 442,428 

Physics— G.  F.  Barker.     (R.  1880) 442,429 

Zodlogy— T.  Gill.     (R.  1880).- -._ 442, 431 

Recording  Indian  languages,  method  of— J.  O.  Dorsby;  A.  S.  Gatbchet;  S. 

R.  Rioos.     (B.  1879-80) 476 

Records  and  results  of  magnetic  survey  of  Pennsylvania — A.  D.  Bache 166 

Red  river  of  the  North,  ethnology  of  Indians  of  valley  of-^W.  H.  Gardnee. 

(R.  1870)   _ - 244 

Red  river  settlement,  Hudson's  Bay  Territory,  Indian  remains  in — D.  Qvvs. 

(R.  1867) 216 

Reed,  H.    Lecture  on  "  the  Union."     (R.  1864) 75 

Refraction  of  sound— W.  B.  Taylor^.    (R.  1875) . . 296 

Regents  of  Smithsonian  Institution — 

list  of,  1846 - - K 

list  of,  1846-1879.     {See  aleo  each  annual  report) 829 

memorial  of  Board  of,  relative  to  Smithson  fund.  (R.  1860;  R.  1866.)  28,214,329 

memorial  of  Board  of,  to  Congress  asking  appropriations  for  museum. 

(R.  1867) - 216,829 

memorial  to  Congress  in  hebalf  of,  relative  to  new  museum  building — 
G.  Bancroft.    (R.  1876) ._ -. 299,829 

proceedings  of  Board  of.     (See  also  each  annual  report)-.  A,  O,  H,  I,  M ,  829 

proceedings  of  Board  of,  on  death  of  Joseph  Henry 366 
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Begentfl  of  Smithsonian  Inatitution^)ontinued. 

proceedings  of  Board  of,. relative  to  the  electro-magnetic  telegraph..  115 ^  829 

report  of  Committee  of,  on  Corcoran  Art  Gkillery.     (B.  1872) 271,  829 

report  of  Committee  of,  on  fire  at  Smithsonian — R.   Wallach;   J. 

Henrt.     (R.  1864) 188,  829 

report  of  Committee  of,  on  Museum  —  A.  Gbay;    H.  Copf£x.     (R. 
'     1874) 286,  829 

report  of  Committee  of,  on  Museum — A.  Gray;  A.  A.  Sarobkt;  H. 

Cltmbr.     (R.  1876) - 299,  829 

report  of  Committee  of,  on  Stanley's  gallery  of  Indian  portraits.     (R. 

1867) 107,  829 

report  of  Committee  of,  on  communication  of  J.  Henry  relative  to  electro- 
magnetic telegraph—C.  C.  Fblton.     (R.  1867) 107,  829 

reports  of  Committee  of,  on  distribution  of  Smithsonian  income.    J.  A. 

PxABCX;  J.  MxACHAM.     (R.  1868) 67,  829 

Regents  of  University  of  State  of  New  York.    Acknowledgment  for  specimens. 

(R.  1866) J. 209,  829 

Registration  of  {>eriodical  phenomena — J.  Hxnrt.     (R.  1866) . 77 

Registry  of  periodical  phenomena . 148,  65' 

Regulations  of  the  Smithsonian  Institution,  1872 ^ . 260 

Regulations  of  the  U.  S.  National  Museum— G.  B.  Goodx.     (P.  1881) 467,  445 

Reich  ARDT,  W.    Present  state  of  knowledge  of  cry ptogamous  plants.   (R.  1871. )    249 

Reid,  D.  B.     Architecture  in  relation  to  ventilation,  warming,  lighting,  fire- 
proofing,  acoustics,  and  health.  *  (R.  1866) . ^ 91 

Reigen  Mazatlan  collection  of  mollusks— P.  P.  Carpxktbr 262 

Reindeer,  man  as  the  contemporary  of,  in  middle  Europe.    (R.  1867) 216 

Relation — 

between  barometric  variations  and  atmospheric  currents — ^M.  Pxslin. 

(R.  1877) - 828,  898 

of  food  to  work,  and  its  bearing  on  medical  practice— S.  Hauqhtox. 

(R.  1870) — 244 

of  physical  sciences  to  science  in  general — H.  Hklmholtz.     (R.  1871)..  249 

of  time  and  space,  lecture  on — S.  Alxxakdxr.     (R.  1861) 149 

Relationship — 

circular  respecting  degrees  of— L.  H.  Morgan ^ 138 

system  of,  of  Cree  Indians— E.  A.  Watkins.     (R.  1862) 160 

systems  of— L.  H,  Morqan 218 

Relative  intensity  of  heat^and  light  of  sun— L.  W.  Mxxch.     (R.  1866) 91,  83 

Relic,  ancient,  of  Maya  sculpture,  remarks  on — A.  Sghott.     (R.  1871)  .  . 249 

Belies — 

ancient,  in  Missouri— J.  W.  Fostxr.     (R.  1868) 187 

ancient  Indian — J.  Jonxs... . 269 

ancient,  of  northwestern  Iowa— J.  B.  Cutts.     (R.  1872) 271 

presented  by  J.  H.  Devereux.    (R.  1872) 271 
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Beligion  of  Shoshone  Indians— A.  G.  Brackktt.    (R.  1879) Stf 

Beli^ous  condition  of  lower  races  of  man — J.  Lubbock.    (R.  1869) 228 

Remains — 

aboriginal,  of  Tennessee— J.  Jonss 2S9 

ancient,  in  Colorado~E.  L.  Bbbthoud.     (R.  1867) 216 

human,  from  Patagonia — A.  Rixb.     (R.  1862) ISO 

Indian,  in  Caddo  parish,  Louisiana — T.  P.  Hotcbkiss.     (R.  1872) 271 

of  later  prehistoric  man  from  caves  in  Alaska — W.  H.  Dall 318 

of  walrus  (7)  in  Maine— C.  H.  Boyd.    (P.  1881) -   467 

prehistoric,  in  Montana — P.  W.  KpBRis.     (R.  1879) S46 

prehistoric,  in  vicinity  of  city  of  Washington,  D.  G. — T.  R.  Pbalk. 
(R.  1872) - 271 

Zapotec,  account  of— J.  O.  Sawkivs;  B.  Matbb. 86 

Remains — See  Ancient  remains. 

Remarkable  forms  of  hail-stones  in  Georgia — S.  Abich.    (R.  1869) 228 

Remarks — 

concerning  nature  of  currents  of  air— A.  Coldiko.     (R.  1877) S28, 398 

on  ancient  relic  of  Maya  sculpture — A.  Schott.     (R.  1871) 249 

on  Cava  giganiesea  ot  Tzamal  in  Yucatan — A.  Schott.     (R.  1869) 228 

on  kjokkon-moddings  on  northwest  coast  of  America<^P.  Schuxachie. 
(R.  1878) 276 

on  osteology  of  Opheowurus  ventralia—'Bi,  W.  Shutblixt.     (P.  1881) 467 

on  physical  geography  of  North  Ameriba — J.  Pboxbbl.     (R.  1854) 76 

on  species  of  genus  Chiurus — W.  N.  Lockikoton.     (P.  1880) 426 

Reminiscences  of  Joseph  Henry  by  S.  B.  Dob 866 

Reparatory  inflammation  in  arteries  after  ligature,  etc.,  nature  of.    Toner  lec- 
ture No.  VII — B.  O.  Shakbspearb 821 

Reply  to  criticisms  of  J.  Hann  by  W.  Fxrrxl.     (R.  1877) ^  828,898 

Report — See  Henry,  J.,  Baird,  S.  F.,  Regents. 

Report  of^ 

American  Academy  of  Arts  and  Sciences  on  organization  of  Smithso- 
nian— B.  Eykbett  ;  J.  Spabxu  ;  B.  Pibbcx  ;  H.  W.  Lomofjellow  ; 
A.  Gbay.     (R.  1868) «T 

architect— B.  S.  Alxxamdeb.     (R.  1864) 75 

architects,  1879,  1880— Cluss  and  Schulzb.     (R.  1879;  R.  1880)..  345, 

442,  409, 434 

Board  of  Regents  of  Smithsonian  Institution,  1847-1880^..  O,  H,  I,  21, 
28,  61,  57,  67,  76,  77,  91,  107,  109,  110,  147,  149,  160,  187,  188,  209, 
214,  215,  224,  228,  244,  249,  271,  275,  286,  298,  299,  828,  841,  345, 442 

Bureau  of  Ethnology,  first— J.  W.  Powbll.     (B.  1879-80) 476 

chemist— F.  W.  Taylor.    (R.  1880) 442 

Commission  on  general  stereotype  catalogue  of  public  libraries.  (R.  1850.)  28, 47 

Oommittee  of  American  Association  on  system  of  combined  meteoro- 
logical observations.    (R.  1851) . .,. *^ 
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Report  of— Continued. 

Bxecutive  Committee  (Ske  also  each  annual  report) ^ 829 

Executive  Committee  on  Henry  Btatue.     (B.  1880) ^ — 442 

experiments  on  animal  heat  of  fishes— J.  H.  Kiddeb.     (P.  1879) 888 

explorations,  in  New  Mexico  and  Arizona— J.  Stkykksoit.     (R.  1880)  ..    442 

(Government  explorations  and  surveys.     (B.  1878) -. 841 

National  Museum  Building  Commission  for  1879.     (B.  1879) 846,  409 

National  Museum  Building  Commission  for  1880.     (B.  1880) 442,  434 

Secretary  of  Smithsonian  Institution,  1847-1877— J.  HsimT.  (B.  1847- 
1877)-  P,  H,  I,  21,  28,  61,  67,  67,  76,  77,  91,  107, 109, 110, 147, 149, 
160,  187,  188,  209,  214,  216,  224,  228,  244,  249,  271,  276,  286,  298,  299,  828 

SecreUry  of  Smithsonian  Institution,   1878-1880— S.  F.  Baird.     (B. 

1878-1880) _ 841,  846,  442,  408,  418,  419 

Senate  Judiciary  Committee  on  management  of  Smithsonian — A.  P.  But- 
ler.    (B.  1866) 77 

Smithsonian  Institution— iSiStf  Beport  of  Board  of  Begenta. 

visit  to  Luray  Cavern— O.  T.  Mason.     (B.  1880)— - 442,  433 

Beport  of  Committee  of  Begents  of  Smithsonian  Institution  on — 

hest  use  of  new  hall  of  the  Institution— L.  Aqassiz.     (B.  1867)  ...  21.6,  829 

communication  from  S.  F.  B.  Morse— C.  C.  Fsltok.     (B.  1867)  ...  107,  829 

Corcoran  Art  Gallery.     (B.  1872) 271,  829 

electro-magnetic  telegraph— C.  C.  Fblton.     (B.  1867) 107,  829 

fire  of  January,  1866— B.  Wallaoh;  J.  Henrt.     (B.  1864) 188,  829 

Greek  alhum 1 829 

Museum— A.  Gray;  H.  Copp4e.    (B.  1874) 286,  829 

Museum — ^A.  Gray;  A.  A.  Sargent;  H.  Clymbr.    (B.  1876) 299 

organization  of  Institution B,  L,  828 

SUnley's  gallery  of  Indian  portraits.     (B.  1867) 107,  829 

system  of  accounts.     (B.  1866) 214 

Washington  canal— B.  Delapield.     (B.  1868) 224,  829 

Keport  on — 

building  stones- D.  D.  Owen 829 

catalogue  system— C.  C.  Jewett.     (B.  1849) 21 

Centennial  Exhibition— S.  P.  Baird.     (B.  1876) 299,  307 

contents  of  bottles  of  water  from  Gulf  of  Mexico^*W.  G.  Farlow. 

(P.  1881) _ 467 

copyright  system— C.  C.  Jewett.    (B.  1861) , 61 

eflfect  of  frost  on  stones — C.  G.  Page 829 

ethnological  collections  of  Museum  of  Lausanne — F.  Tboyon.    (B.  1861)    149 

exploration  of  ancient  mounds  in  Union  county,  Kentucky — S.  S.  Lyon. 

(B.  1870) 244 

fishes  of  New  Jersey  coast,  as  observed  in  1864 — S.  F.  Baird.     (B. 

1864)— 76,  348 

fossils  from  Nebraska— J.  Leidy.     (B.  1861) 61 
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Report  on — Continued. 

Halliwell  manuscripts— G.  C.  Jiwktt.     (R.  1862) ^ 67 

history  of  discovery  of  Neptune — B.  A.  Goitld 18 

improved  system  of  numeration — W.  B.  Tatlob.     (R.  1867) 215 

international  exchanges — G.  H.  Boehmxr ^ 477 

lacustrian  settlements— A.  MoRLOT.     (R.  1868) .. 187 

library— 0,  0.  Jkwktt.     (R.  1848-1868) I.  21,  28,  61, 67, 67 

limpets  and  chitons  of  Alaskan  and  Arctic  regions — W.  H.  Dall.    (P. 
1878) J»   813 

magnetic  telegraph 115 

meteorological  system — S.  Fobbmak.     (R.  1862) oT 

meteorology  of  the  United  States — E.  LooMis.     (R.  1847) H 

moUusca  of  west  coast  of  North  Amerlcap— P.  P.  Oapbktbb 252 

Museum  and  statistics  of  British  Museum — S.  F.  Baibd.     (R.  1850)...    28 

paleontological  collections  made  by  Lieut.  Q.  K.  Warren — F.  B.  Hikk; 
F.  V.  Hatdsn 172 

plan  of  library— 0.  C.  Jbwett.     (R.  1847) B 

proposed  exhibit  by  Smithsonian  Institution  at  the  Centennial  Exhibi- 
tion—S.  F.  Baibd.     (R.  1875) 298 

public  libraries  of  United  States— C.  C.  Jbwbtt.     (R.  1849) 21 

publications,  exchanges,  explorations,  and  Museum,  1861-1877— S.  F. 

Baibd.     (R.  1851rl877) 61,  67,  67,  76,  77,  91,  107, 109, 110, 

147, 149, 160, 187, 188,  209,  214,  216, 224,  228,  244,  249,  271,  276,  286, 

298,299,SSS 

recent  progress  in  physics :  electricity,  galvanism — J.  Muli^bb.  (B.  1866- 
1867) 77.91,107 

shell  heaps  of  Tampa  Bay,  Florida— S.  T.  Waxkbb.     (R.  1879) W5 

shells  presented  to  Academy  of  Natural  Sciences — J.  Lkedt;  G.  W. 
Tbton.     (R.  1866) 309 

state  of  knowledge  of  radiant  heat — B.  Powbll.     (R.  1869) HO 

survey  of  economic  geology  of  Trinidad — G.  P.  Wall  ;  J.  G.  SAinuira. 
(R.  1866) n 

system  of  accounts.     (R.  1866) 214 

use  of  new  hall  in  Smithsonian  building — L.  Aqassiz.     (R.  1867) ^   215 

Report  to  Emperor  of  France  by  Minister  of  Public  Instruction  on  scientific 

expedition  to  Mexico.     (R.  1864) 188 

Reports,  meteorological,  preserved  in  Smithsonian  Institution,  list  of.  (R.  1878.)   27o 

Reports  of— 

astronomical  observatories,  1879— B.  S.  Holdbn.     (R.  1879) 846, 410 

astronomical  observatories,  1880 — B.  S.  Holdeb  ;  G.  H.  Bobhmbb.    (B. 
1880) _  442,  438 

Committees  of  Regente,  1846-1877'- ? —   829 

Secretary  of*  Smithsonian  Institution,  J.  Henry,  1866-1877 ^ 

Smithsonian  Institution,  catalogue  and  index  of ^^^^ ^^ 
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Reports  on  iransactionfl  of  Qeneva  Society  of  Physics — See  GenoTft. 
Beptiles— 

circular  relating  to  collections  of  living „_, ,— ^ .   320 

cretaceous — J.  Lkidt 192 

cretaceousi  review  of— J.  Lkidt.     (R.  1864) 188 

dates  of  first  appearance  of— F.  B.  HouoH 182 

extinct — J.  Leidt 192 

North  American,  catalogue  of.     Part  i.  Serpents — S.  F.   Baibd;   G. 

GiRABD 49 

Beptilia,  check-list  of  North  American — E.  D.  CoPii . . .. 292 

Request  for  hison  by  Bern  Museum.     (R-  1806) : 209 

Request  for  shells— W.  B.  Logak.     (R.  1869) —  110 

Research — 

ethnological— E.  H.  Dayis.    (R.  1666) 214 

relative  to  ethnology  and  philology  of  America,  instructions  for — G. 

GiBBS 160 

upon  the  atmosphere,  plan  of  a — G.  M.  Wethxbill.     (R.  1866) •  214 

Researches — 

archeological,  at  Concise— F.  Tbotox.     (R.  1861) 149 

archnological,  in  Nicaragua — J.  F.  Bbaksfobd 383 

by  officers  of  Hudson's  Bay  Company,  letter  of  Sir  G.  Simpson 187 

geological,  in  China,  Mongolia,  and  Japan — R.  Pumfxllt 202 

in  sound— J.  Hknbt.     (R.  1878) 841,  406 

on  ammonia-cobalt  bases — ^W.  Gibbs;  F.  A.  Gbkth 88 

on  electrical  rheometry — A.  Sbgchi 36 

on  figure  of  equilibrium  of  a  liquid  mass  withdrawn  from  action  of 
gravity — See  J.  Plateau. 

on  secular  variations  of  planetary  orbits — J.  N.  Stockwxll.     (R.  1871.)  249 

relative  to  nebula>— Prof.  Gautibb.     (R.  1868) 187 

relative  to  planet  Neptune — S.  C.  Walxeb 3 

scientific,  list  of  apparatus  available  for.     (R.  1878) 841 

scientific,  of  Peltier— F.  A.  Peltikb.     (R.  1867) 216 

upon  anatomy  and  physiology  of  Chelonia — S.  W.  Mitchxll;  G.  R. 

MOBBHOUBB 159 

upon  fever— H.  C.  Wood 867 

upon  Hydrobiince  and  allied  forms — W.  Stimpson 201 

upon  venom  of  the  rattlesnake — S.  W.  Mitchell . . 135 

Residuary  legacy— SSse  Smithson. 

Resolutions  of  Congress — See  Congress. 

Resolutions  of  Regents — See  each  annual  report. 

Resonance,  electric,  of  mountains,  observations  on  the— H.  Dx  SAUfBVBX.     (R. 

1868) 224 

Respiration,  apparatus  for  testing  results  of— M.  PxTTXirKorxB.     (R.  1864)...    188 
19   . 


290  ALPHABBTICAL   INDEX 

4 

Respiration  in  the  Chelonta,  researches  on — 8.  W.  Mitchxll  ;  O.  R.  Moii- 
HOUSI 

Results  of— 

magnetic  survey  of  Pennsylvania — A.  D.  Bachx 166 

meteorological  observations  at  Brunswick,  Maine — P.  Clbatslavi) 201 

meteorological  observations  at  Marietta,  Ohio — 8.  P.  Hilbrxth;  J. 
Wood 120 

meteorological  observations  at  Providence,   Rhode  Island,  1831-1860, 

1881-1876— A.  Caswell -  103,443 

meteorological  observations  in  the  United  States,  1854-1869 157, 182 

precipitation  in  rain  and  snow  in  United  States — C.  A.  Schott 222, 353 

spectrum  analysis  applied  to  heavenly  bodies — W.  Huoqiks.     (R.  1866.)  214 

BxTZius,  A.     Present  state  of  ethnology  in  relation  to  form  of  the  skall.    (B. 

1869) 110 

Review  of— 

American  birds.     Part  i.  North. and  Middle  America — S.  F.  Baibd 181 

.    American  species  of  genus  Scopa — R.  Ridqwat.     (P.  1878) 882 

classification  of  birds— W.  Lilljeboiu}.     (R.  1866) 209, 3$4 

cretaceous  reptiles  of  the  United  States — •!.  Lkidt.     (R.  1864)  -.„         18S 

genera  and  species  of  family  CenirarehidcB — C.  L.  McKat.     (P.  1881)..   467 

genus  Centurtu—^R,  Bidowat.     (P.  1881) . 467 

pleuronectidn  of  San  Francisco— W.  N.  Lockinqtok.     (P.  1879) S3S 

Rafinesque's  memoirs  on  North  American  fishes — D.  S.  Jordav SOo 

Revisions  of  nomenclature  of  North  American  birds — R.  Ridqwat.    (iP.  1880.)   425 

Revolutions  of  crust  of  the  earth- G.  Pilar.     (R.  1676) ^ 

RsTX,  T.     Rain-fall  and  barometric  minima.     (I^.  1877) 828, 89S 

Reynolds,  J.  £.     Hydrogen  as  gas  and  metal.     (R.  1870) 244 

Rhebs,  W.  J. — 

Catalogue  and  index  of  publications  of  the  Smithsonian  Institution,  U.  S. 
National  Museum,  etc.,  1846-1881 *78 

James  Smithson  and  his  bequest.     (R.  1879) 845, 330 

Journals  of  Board  of  Regents,  reports,  statistics,  etc.,  of  Smithsonian  In- 
stitution  '. 8^ 

List  of  public  libraries,  institutions,  and  societies  in  United  States  and 
British  Provinces ^^ 

List  of  public  libraries,  institutions,  and  societies  in  United  States  in  cor- 
respondence with  Smithsonian  Institution ^^ 

Origin  and  history  of  Smithsonian  Institution •  ^ 

Scientific  writings  of  James  Smithson,  (edited  by) *-' 

Rheometry,  electrical,  researches  on— A.  Skcghi -    ** 

Rhinobatidee,  American,  synopsis  and  descriptions  of — S.  Gabmak.    (P.  1880.)   4*^ 

Rhinonemus  caudacuta,  identity  of  "whhOaduaeimbrUM — G.  B.  Goodb;  T.  H. 

Bkan.     (P.  1878) - ^ 
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Khode  Island,  list  of  algsB  of— 8.  T.  Olnet 241 

Rhode  Island,  Providence,  meteorological  observations  at,  1881-1860, 1881-1876— 

A.  Caswell 103,443 

RhodospermeoB — W.  H.  Haryxt 48 

RUXIWAY,  R. — 

GaUlugue  of  birds  of  North  America.     (P.  fSSO) 1 426 

Catalogue  of  Old  World  birds  in  IT.  S.  National  Museum.     (P.  1881)  ..  467 

Catalogue  of  TT-ochilidas  in  U.  S.  National  Museum.     (P.  1880) 426 

Description  of  new  fly-catcber  and  new  petrel  from  Sandwich  Islands. 

(P.  1881) 467 

Description  of  new  owl  from  Porto  Rico.     (P.  1881) 467 

Description  of  new  species  of  birds  from  Costa  Rica  and  notes  on  rare 

species.     (P.  1878) 882 

Descriptions  of  new  species  and  races  of  American  birds  and  synopsis  of 

genus  Tyrannus.     (P.  1878) 882 

Descriptions  of  new  species  and  races  of  birds  in  U.  S.  National  Museum. 

(P.  1878).- 882 

Descriptions  of  two  new  thrushes  from  the  United  States.    (P.  1881) 467 

List  of  special  desiderata  among  North  American  birds.     (P.  1881) 467 

List  of  species  of  Middle  and  South  American  birds  not  in  National 

Museum.     (P.  1881) 467 

Nomenclature  of  North  American  birds  chiefly  in  National  Museum 422 

Notes  on  some  Costa  Rican  birds.     (P.  1881) 467 

On  AmazUia  Yueaianensis  and  AmazUia  eerviniventris,     (P.  1881) 467 

On  duck  new  to  American  fauna.     (P.  1881) 467 

On  new  humming  bird,  *Atihi8  EUioiHf  from  Guatemala.     (P.  1878) 882 

On  two  recent  additions  to  North  American  bird  fauna  by  L.  Bolding. 

(P.  1881) 467 

Review  of  American  species  of  genus  Scops.    (P.  1878) . 882 

Review  of  genus  On^uriM.     (P.  1881.) 467 

RiXD,  A.    Human  remains  from  Patagonia.     (R.  1862) ,_  150 

RiQGS,  S.  R.    A  dog's  revenge  (Dakota  fable.)     (B.  1879-80) 476 

RiQOS,  S.  R.    Grammar  and  dictionary  of  Dakota  language 40 

Ripley,  Fort,  Minnesota,  natural  history  of  the  country  about — J.  £.  Head. 

(R.  1864) -. 76 

RissoidsB,  fresh-water— W.  G.  Binnby 144 

Biver,  Kennebec,  opening  and  closing  of  the — R.  H.  Gardxneb.     (R.  1868)  ..  109 

Rivers — 

dates  of  opening  and  closing  of— P.  B.  Hough 182 

diminution  of  water  in-H.  G.  Wex.     (R.  1876) 298 

improvement  of  navigation  of — C.  Ellet,  Jr. 18 

method  of  ascertaining  amount  of  water  in — A.  A.  Huuphbets.  (R.  1868)  109 

Roads  and  bridges,  lectures  on— P.  Roqebs.     (R.  1860;  R.  1861) 147,  1-19 
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BOBXBTSOK,  R.  8. — 

Age  of  stone  and  troglodytes  of  Breckenridge  county,  Kentucky.    (B. 
1874) 286 

Antiquities  of  Allen  and  De  Kalb  counties,  Indiana.     (B.  1874) ...  286 

Antiquities  of  La  Porte  county,  Indiana.     (R.  1874) 286 

Antiquities  of  Nashville,  Tennessee.     (R.  1877) 82S 

RoBiKSOK,  B.,  and  others.    On  publication  of  Spanish  works. on  New  Mezioo. 

(R.  1865) _ Ti 

Robinson,  E.,  and  others.    On  publication  of  Squier  and  Davis'  ancient  mona- 

ments K 

Rock  Bluff,  Illinois,  description  of  human  skull  from — J.  A.  Mxios.    (B.  1867.)   215 

Rock-oil,  or  petroleum,  history  of— T.  8.  Hunt.     (R.  1861) H9 

Rock  river  valley,  Illinois,  mound  builders  in — J.  8haw.     (R.  1877) ..  S23 

Rocks— 

catalogue  of— ,T.  W.  Poster.     (R.  1864) 75 

catalogue  of— G.  T.  Jackson.    (R.  1864) T6 

catalogue  of-— J.  Lockk.     (R.  1864) '5 

catalogue  of— J.  D.  Whitnkt.    (R.  1864) 75 

crystalline,  metamorphism,  and  formation  of — G.  A.  DAUBsis.  (B.  1861.)  1^9 

in  Green  river  valley,  Indian  engravings  on  face  of — J.  G.  Baur?.    (B. 
1872) -. 271 

Rocky  Mountain  goat,  habits  of  the— J.  G.  Hkbrill.     (P.  1870) 331 

Rodent,  rare,  {Crieetodipits parvu8)'-V,  W.  True.     (P.  1881) 467 

RoKHRio,  P.  L.  O.    Language  of  Dakote  or  8iouz  Indians.     (R.  1871) 249, 378 

Rogers,  P.     Lectures  on  roads  and  bridges.     (R.  1880 ;  R.  1861) 147, 14!^ 

Rogers,  W.  B.     Memorial  address  on  Joseph  Henry _. . .... 356 

Rome,  Pontifical  Academy — See  Prize  questions. 

RoMER,  P.  P.     Prehistoric  antiquities  of  Hungary.     (R.  1876) 299, 440, 392 

Romero,  M.     Explorations  of  John  Xantus  in  Mexico.     (R.  1862) 1'^ 

RosiNO,  J.     Exchange  system.     (R.  1866) — "^ 

Ross,  B.  R.     Eastern  Tinneh  Indians.     (R.  1866) 214,865 

Ross,  B.  R.    Observations  in  Hudson's  Bay  Territory.     (R.  1869) —   1^^ 

Rotary  motion,  problems  of— J.  G,  Barnard -, «« 240 

Rothrock,  J.  T.    8ketch  of  flora  of  Alaska.     (R.  1867) - 216.36: 

Rotterdam,  Batavian  8ociety  of  Experimental  Philosophy  of.     Price  qaestiont. 

(R.  1861) I - ^^ 

Royal- 
Academy,  of  Netherlands.     Prize  questions.     (R.  1861) ^^^ 

Academy  of  Science,  Madrid.     On  exchanges.     (R.  1861) ^^^ 

Danish  Society  of  Sciences.  Prize  questions.  (R.  1862, 1866, 1867.)  150,209,21^ 

Horticultural  Society,  London.     Exchange  of  publications.     (B.  1861)—  ^^^ 

Institution  of  Great  Britain,  history  of— E.  Maillt.     (R.  1867) ^^^ 

Prussian  Academy  of  Sciences.     Prize  questions.     (R.  1864) ■  ^^ 
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Boyal — Continued. 

Scientiflo  and  Literary  Institute  of  Lombardy.   Prize  questions.  (R.  1866.)  209 

Society  of  London,  list  of  Smithson's  papers  presented  to.     (R.  1868.)  67,  880 

Society  of  London,  notice  of  Smitbson,  by  D.  Oilbert,  president  of.     (R. 

1868) 67,  880 

Society  of  London,  origin  and  bistory  of— 0.  A.  Alexander.     (R.  1868.)  187 

Society  of  Victoria,  address  of  president  of— R.  L.  J.  Ellebt.     (R.  1868.)  224 

RoTCE,  G.  O.     Cessions  of  land  by  Indian  tribes  to  United  States.     (E.  1879-80.)  476 

Ruin,  ancient,  in  Arizona-HF.  C.  Y.  Lee.     (R.  1872) 271 

Buins — 

at  Savannab,  Tennessee— J.  P.  Stellb.     (R.  1870)  — 244 

in  Hardin  county,  Tennessee— J.  P.  Stellb.    (R.  1870) 244 

in  White  river  cafion,  Pima  county,  Arizona — R.  T.  Bitrb.     (R.  1879.)    846 

Rules— 

for  cataloguing  libraries — C.  C.  Jewett ^ 47 

for  examination  of  specimens.     (R.  1880) 442 

of  distribution  of  Smithsonian  publications ^ .  290 

Rtjhkle,  J.  D.     New  tables  for  determining  perturbation  of  planets 79 

RxnnLLE,  J.  D.    Supplement  for  asteroid  perturbations 94 

Rupert's  Land,  Institute  of,  circular  of  the.     (R.  1861) 149 

Rush,  R.— 

correspondence  of,  relative  to  Smitbson 828 

letter  from,  relative  to  James  Smitbson.     (R.  1868) 67,  828 

notice  of,  by  J.  A.  Peabge.     (R.  1859) 110 

Rttbbell,  R.     Lectures  on  meteorology,  with  notes  by  J.  Hbkbt.     (R.  1864)..  76 

Russia,  meteorology  in — A.  Woeikoff.     (R.  1872) 271 

Russian  America — 

ethnological  investigations  in,  suggestions  for — G.  Gibbs 207 

suggestions  relative  to  objects  of  scientific  investigation  in — J.  Henbt..  207 

Tinneh  Indians  of— G.  Gibbs  ;  B.  Ross ;  W.  L.  Hardistt  ;  S.  Jones. 

(R.  1866) ?14,  369 

Yulcon,  journey  to  the— W.  W.  Kirby.     (R.  1864) 188 

RiTTiMEYEB,  L.    Pauna  of  middle  Europe  during  the  stone  age.     (R.  1861)«..     149 
Rtdbb,  J.  A. — 

.  Camaraphysema,  a  new  type  of  sponge,     (P.  1880) 426 

List  of  North  American  species  of  myriapods  belonging  to  family  of 
lA/aiopeialidcBf  with  description  of  blind  form  from  Luray  Cave,  Vir- 
ginia.    (P.  1880). 426 

On  Semper 's  method  of  making  dry  preparations.     (P.  1881)  .. — -. 467 
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S. 

Sabikx,  S.    Magnetic  BtonxiB.    (R.  1860) U7 

Sabine,  E.    On  continuance  of  magnetic  obserrationB.     (B.  1868) 109 

Sable  Island  Bank,  description  of  ArgenUna  ayr^efwium,  new  deep-sea  flsh  from— 

G.  B.  Goode;  T.  H.  Beak.     (P.  1878) MS 

Sacken,  Osten — See  Oaten  Sacken. 

SacramentOi  California — 

meteorological  observations  at — ^F.  W.  Hatch.    (B.  1854) 75 

meteorological  observations  at — ^T.  M.  Logan.     (B.  1864) 7S 

meteorology  of— T.  M.  Logan.     (B.  1867) 107 

Sacramento  riveri  description  of  new  species  of  PtyehochUua  {PiyehoehUua  Her^ 

fordi)  from— D.  8.  Jokdan;  0.  H.  Gilbert.    (P.  1881) 467 

Saint  Augustine,  Florida,  catalogue  of  casts  of  heads  of  Indian  prisoners  at— 

B.H.Pratt.    (P.  1878) 882 

Saint  Christopher,  West  Indies,  description  of  new  subspecies  of  Baxigills 

from— G.  N.  Lawrence.     (P.  1881) - 457 

Saint  Croix  Island,  flora  of— H.  P.  A.  Eggers 81S 

Saint  George's  Banks,  ocQurrence  of  Hippoeampueantiquorum  on — G.  B.  Goooi. 

(P.  1878) - 381 

Saint  Hilaire,  Etienne  Geoffrey,  memoir  of,  by  M.  Floitrens.     (B.  1861) ....  14S 

Saint  Hilaire,  Isidore  Geoffrey,  memoir  of— J.  L.  Qctatrefaoes.     (B.  1862)..  160 

Saint  John's  river,  Florida,  catalogue  of  fishes  of— G.  B.  Goode.     (P.  1879) ..  883 
Saint  John's  river,  Florida,  shell-heaps  at  mouth  of— S.  P.  Matbsrbt.    (B. 

1877) -. 823 

Saint  Louis,  Missouri,  ancient  mound  in— T.  B.  Peale.     (B.  1861) 149 

Saint  Louis,  Missouri,  temperature  of— A.  Fendler.     (B.  1860) 147 

Saint  Martin,  Isle  Jesus,  Canada  East,  description  of  observatory  at— C.  Small- 
wood.     (B.  1856) M 

Saint  Michael's,  Alaska,  occurrence  of  Hippogloesue  vulgaris  at — T.  H.  BxiH. 

(P.  1879) 838 

Saint  Michael's,  Alaska,  occurrence  of  SHehceua  punetatue  at — T.  H.  Beix. 

(P.  1878) —   88! 

Saint  Petersburg  Academy  of  Sciences.     Exchange  system.     (B.  1867) ^^^ 

Saint  Thomas — 

earthquakes  in— G.  A.  Latimer.     (B.  1867) 215 

hurricane  in  the  island  of— G.  A.  Latimer.     (B.  1867) 215 

whirlwind  at,  August  21,  1871— A.  Colding.     (B.  1877) ?«2S,  898 

Saint  Vincent,  catalogue  of  Ober's  collection  of  birds  of— G.  K.  Lawbksci. 

(P.  1878) ^ 

Salamander — 

habits  of  a  species  of— C.  Mann.    (B.  1864) '^ 

inhabiting  Wisconsin— P.  B.  Hot.     (B.  1854) '* 

or  pouched  rat,  of  Georgia,  habito  of— W.  Gesner.     (B.  1860) ^*' 
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Salisbary,  England,  notice  of  Blackmore  Museum  at.     (B.  1868) • —  224 

Salmon  in  Columbia  river,  Chinook  names  of^S.  B.  Smith.     (P.  1881) 467 

SalmonidsB  of  upper  Columbia,  notes  on  the — C.  Bkkdibb.     (P.  1881) 467 

Salt  deposit  on  Petite  Anse  Island— E.  W.  Hiloabd 248 

Salt  water,  preservation  of  copper  and  iron  in — A.  E.  Bscqubrel.     (R.  1864.)  188 

Samoan  Islands,  fishes  from  the — T.  H.  Stbsbts 808 

San  Diego,  California — 

description  of  new  gobioid  fish  {Othonops  eo$)  from— R.  Smith.    ( P.  1881 .)  467 

description  of  new  species  of  Oobitaox  {Oobieaox  rhesgodon)  from — R. 

Smith.     (P.  1881) - -    467 

notes  on  collection  of  fishes  from — D.  S.  Jordan  ;  C.  H.  Gilbert.     (P. 

1880) 426 

«  • 

occurrence  of  species  of  cremnobates  at — R.  Smith.    (P.  1880) 426 

San  Francisco,  California — 

climate  of— H.  Gibbons.     (R.  1864) 76 

fishes  of— See  Jordan,  D.  8.,  Gilbert,  C.  H.,  I^ckington,  W.  N. 

review  of  Pleuroneciidas  of— W.  N.  Lockinqtok.     (P.  1879) 888 

Sandwich  Islands,  description  of  new  fly-catcher  and  new  petrel  from — R. 

RiDQWAT.     (P.  1881) -, 467 

Sanitary  drainage  of  Washington,  suggestions  for  the.    Toner  lecture  No.  Tin — 

G.  B.  Wabino 349 

Santa  Barbara,  California,  pleistocene  fossils  collected  at,  by  E.  Jewett — P.  P. 

Cabpkntxr 262 

Santa  Barbara  channel,  California,  description  of  two  new  species  of  acopeloid 
fishes  {Sudia  ringena  and  Myciophum  erentdare)  from — D.  S.  Jobdan  ; 
C.  H.  Gilbkbt.     (P.  1880) 426 

Santa  Catalina  Island,   California,  description  of  new  fiounder   {Xyatreurya 

Uolepia)  from— D.  S.  Jordan;  C.  H.  Gilbebt.     (P.  1880) 426 

Santa  Lucia  Cosumalwhuapa,  Guatemala,  sculptures  of — S.  Habel 269 

Santa  Rosa  Island,  history  and  antiquities  of— S.  Bowers.     (R.  1877) 823 

Sarcophagus  from  Beirut,  Syria,  account  of— At  A.  Harwoob.     (R.  1870) 244 

Saboent,  a.  a.,  and  others.     Report  on  Museum.     (R.  1876) 299 

Sarqxnt,  W.  D.     Influence  of  aurora  on  the  telegraph.     (R.  1870) .... 244 

Sargus  Holbrookii,  a  new  sparoid  flsh  from  Savannah  Bank,  description  of — 

T.  H.  Beak.     (P.  1878) - -    882 

Sartoriub,  C.    Earthquakes  in  eastern  Mexico,  January,  1866.     (R.  1866)...    214 

Sartorius,  C.    Eruption  of  volcano  of  Colima.     (R.  1869) 228 

Saturn,  secular  variations  of  elements  of  orbit  of,  with  tables — J.  K.  Stock- 
well  282 

Saunders,  Commander.     Tidal  record  at  Wolstenholm  Sound,  1849,  1850 180 

Saussure — See  De  Saussure. 

Savage  weapons  at  Centennial  Exhibition,  study  of— E.  H.   Knight.     (R. 

1879) 845,  415 

Savannah,  Tennessee,  account  of  aboriginal  ruins  at — J.  P.  Stbllb.     (R.  1870.)    214 
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Savannah  Bank,  description  of  new  sparoid  fish  (Sarpu  SMrookU)  fhmi— T.  H. 
BiAK.     (P.  1878) , 

Savannah  river,  primitive  manufacture  of  spear  and  arrow  points  along  line  of— 

G.  0.  JOMBS,  Jr.     (R.  1879) S4& 

Sawkins,  J.  G.,  drawings  of  Zapotec  remains  by — . .^ 8S 

Sawkins,  J.  G. ;  Wall,  G.  P.     Economic  geology  of  Trinidad.     (B.  1856)..    91 

Scenery,  catalogue  of  sketches  of — J.  M.  Stanley 6S 

Scheme  for  qualitative  determinations  by  the  blow-pipe — ^T.  Solxstov.    (S. 

1872 ) 271 

Scheme  of  classification  for  collections  of  U.  S.  National  Museum— O.  B. 

GooDE.     (P.  1881) — - 467,45? 

Scherzxr;  Schwarz.    Table  of  anthropological  measurements.     (R.  1866)..  214 

ScHiU.aiNTWXiT,  H.  De.     Ethnographical  collections.     (R.  1862) \^ 

Schlagintweit  ethnographic  collection,  account  of  the — H.  Zibosnbals.    (R. 

1867) m 

ScHLSiDXN,  R.    Free  freight  J)etween  Germany  and  United  States  by  North 

German  Lloyd.     (R.  1868) _   1(» 

Schoenbein,  0.  P.,  notice  of,  by  J.  Hbnrt.     (R.  1868) 224 

Schoharie,  New  York,  Indian  relics  from — F.  D  Andrews.     (R.  1870) 34S 

Schoodic  Lakes,  Maine,  description  of  new  species  of  Oaateroateus  from — ^T.  H. 

Bean.     (P.  1879) - 3SS 

ScHOTT,  A.     Remarks  on  ancient  relic  of  Maya  sculpture.     (R.  1871) 249 

SCHOTT,  A.     Remarks  on  the  Cara  giganie9ea  in  Yucatan.     (R.  1869) 228 

ScHOTT,  A. ;  Mason,  O.  T.     Leipsic  Museum  of  Ethnology.     (R.  1878) 275 

SOHOTT,  C.  A. — 

Base-chart  of  the  United  SUtes 414 

Discussion  of  GaswelVs  meteorological  observations  at  Providence,  Rhode 

Discussion  of  Gleaveland's  meteorological  observations  at  Brunswick, 
Maine 204 

Discussion  of  Hayes'  physical  pbservations  in  the  Arctic  Seas ^ 196 

Discussion  of  Hildreth's  and  Wood's  meteorological  observations  st 
Marietta,  Ohio 120 

Discussion  of  Kane's  astronomical  observations  in  the  Arctic  Seas 129 

Discussion  of  Kane's  magnetic  observations  in  the  Arctic  Seas 97 

Discussion  of  Kane's  meteorological  observations  in  the  Arctic  Sess  —  104 

Discussion  of  Kane's  physical  observations  in  the  Arctic  Seas ^ 

Discussion  of  Kane's  tidal  observations  in  the  Arctic  Seas ^ 

Discussion  of  McOlintock's  meteorological  observations  in  the  Arctic 
Seas — - 1^ 

Discussion  of  Smith's  meteorological  observations  made  near  Washing* 

ton,  Arkansas ^ 

Tables,  distribution,  and  variation  of  atmospheric  temperature 277 

Tables  of  rain  and  snow  in  the  United  States 222, 353 
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ScHOTT,  0.  A.;  EVBBMT,  J.  D.    Underground  temperature.     (R.  1874) 286 

Bcbulse— iS^  Cluss  is  Bchulze. 

ScHUHACHXR,  P.    Ancient  graves  and  shell-heaps  of  California.     (R.  1874)  ..    286 

ScHTJiiACHKR,  P.    Kjokken-moddlngs  on  the  northwest  coast  of  North  America. 

(R.  1878) 276 

ScHWABz;  SoHSRZSB.     Table  of  anthropological  measurements.     (R.  1866)..    214 
Science — 

on  a  dominant  language  for — A.  Dx  Oakdollx  ;  J.  B.  Gbat.   (R.  1874.)    286 

in  general,  relation  of  the  physical  sciences  to — H.  Hxlmholtz.'  (R.  1871. )    249 

recent  progress  in — See  Record. 

trust  fund  for  promotion  of,  in  the  United  States— J.  Ttmdall.     (R.  1872)    271 

Science,  Agriculture,  and  Arts,  Society  of,  Lille — See  Prize  questions. 

Science,  Art,  and  Literature,  Society  of,  Hainaut — See  Prize  questions. 

Sciences,  Harlem  Society  of — See  Prize  questions. 

Sciences,  Letters,  and  Arts,  Society  of,  Dunkirk — See  Prize  qu^tions. 

Sciences,  Natural,  Society  of,  Cherbourg — See  Prize  questions. 

Sciences,  Royal  Danish  Society  of — See  Prize  questions. 

Scientific — 

character  and  researches  of  Smithson — W.  R.  Johnson  .'. .    827 

Congress  of  Carlsruhe,  1868— F.  J.  Nigkles.     (R.  1860) 147 

cooperation — University  oi*  Toronto.    (R.  1861) 149 

education  of  mechanics  and  artisans — A.  P.  Pxabody.    (R.  1872)..  271,  380 

exchanges — See  Exchanges. 

expedition  to  Mexico  by  French  Government.     (R.  1864) .« 188 

instructions  to  Capt.  Hall — J.  Hknrt;  J.  B.  Hilqarb;  S.  Nxwcomb; 

8.  F.  Baird;  F.  B.  Mxkk;  L.  Aoassiz.     (R.  1871) 249 

investigation  in  Russian  America,  suggestions  relative  to — J.  Henrt 207 

labors  of  Edward  Lartet— F.  Fischer.     (R,  1872.) 271 

observations,  on  metric  system  for — A.  Gutot.     (R.  1848).! I 

progress,  reports  of.     (R.  1880) 442,  427,  428.  429,  430,  431,  432 

researches  of  J.  0.  A.  Peltier— F.  A.  Peltier.     (R.  1867) 216 

societies,  local,  organization  of— J.  Henry.     (R.  1875) 298 

writings  of  Sir  William  Herschel — E.  S.  Holden  ;  C.  8.  Hastings. 

(R.  1880) - —  442,426 

writings  of  James  Smithson 827 

Scientific  and  Literary  Institute  of  Lombardy — See  Prize  questions. 

Scintillation  of  the  stars— 0.  DuFOUR;  Kamtz.     (R.  1861) 149 

Scops,  review  of  American  species  of  genus — R.  Ridoway.     (P.  1878) 832 

SCUDDER,  S.  H. — 

Bibliography  of  orthoptera 189 

Catalogue  of  orthoptera  of  North  America 189 

Nomenclator  zodlogicus.     An  alphabetical  list  of  generic  names  of  recent 

and  fossil  animals 470 
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ScvDDBB,  8.  H.,  and  others^     Insects  of  Arctic  America Si2 

Sculpture,  Maya,  remarks  on  ancient  relic  of— A.  Scrott.     (R.  1871) 249 

Sculptures  of  Santa  Lucia  Cosumalwhuapa  in  Guatemala — S.  Habbl 269 

Scytalina  cerdale,  new  species  of  fish  from  Neah  Bay,  Washington  Territory, 

description  of— D.  S.  Jordan;  G.  H.  Gilbebt.     (P.  1880). 425 

Sea,  gradual  approach  of,  upon  land — S.  P.  M atbbbbt.     (B.  1867) 2U 

Seas,  the  northern — J.  Babinbt.    (R.  1860) :. 228 

Seaton,  W.  W.,  memoir  of,  by  J.  Hbkbt.     (R.  1866) 214 

Sebastichthys  carnatus,  new  species  of  rockfish  from  coast  of  California,  descrip- 
tion of— D.  S.  Jordan;  0.  H.  Gilbbrt.     (P.  1880) 425 

Sebastichthys  chrysomelas,  new  species  of  rockfish  from  coast  of  California, 

description  of— D.  S.  Jordan;  C.  H.  Gilbert.     (P.  1880) 425 

Sebastichthys  entomelas,  new  species  of  Sebaaiichthys  from  Monterey  Bay,  Cal- 
ifornia, description  of— D.  S.  Jordan;  C.  H.  Gilbert.     (P.  1880) 425 

Sebastichthys  maliger,  new  scorpasnoid  fish  from  coast  of  California,  description 

of— D.  S.  Jordan;  C.  H.  Gilbert.     (P.  1880) 425 

Sebastichthys  miniatus,  new  species  of  Sebaatiehihys  from  Monterey  Bay,  Cali- 
fornia, description  of— D.  S.  Jordan;  C.  H.  Gilbert.     (P.  1880) 425 

Sebastichthys  mystinus,  description  of— D.  8.  Jordan  ;  C.  H.  Gilbert.  (P.  1881)   467 

Sebastichthys  proriger,  new  scorp»noid  fish  from  Monterey  Bay,  California,  de> 

scription  of— D.  8.  Jordan;  C.  H.  Gilbert.     (P.  1880) 435 

Sebastichthys  rhodochloris,  new  species  of  SebtuHchthya  from  Monterey  Bay, 

California,  description  of— D.  S.  Jordan;  C.  H.  Gilbert.    (P.  1880)..   425 

Sebastichthys  serriceps,  new  species  of  rock  cod  from  coast  of  California,  de- 
scription of— D.  8.  Jordan  ;  C.  H.  Gilbert.    (P.  1880) 425 

Sebastoid  fishes,  description  of  seven  new  species  of— D.  S.  Jordan  ;  C.  H.  Gil- 
bert.   (P.  1880) - 425 

Secchi,  a.    Researches  on  electrical  rheometry . 96 

Secretary  of  Smithsonian  Institution,  report  of— See  Henry,  J.,  Baird,  8.  ¥* 
Secretary  of  Treasury,  letter  to,  on  payment  of  interest  in  coin — J.  Henrt.  (B. 

Secular  period  of  aurora  borealis — D.  Olmsted . ^    81 

Secular  variations  of  elements  of  planetary  orbits — J.  N.  Stock  well.    (B. 

1871) -. 249,232 

Seismograph,  electro-magnetic— Prof.  Palhieri.     (R.  1870) 244 

Sema,  note  on— D.  S.  Jordan.     (P.  1880) 425 

Semper's  method  of  making  dry  preparations — J.  A.  Rtder.     (P.  1881) 467 

Senate  Judiciary  Committee,  report  of,  on  management  of  Smithsonian — A.  P. 

BiTTLER.     (R.  1856),- n 

Senses,  the.    Sense  of  feeling,  sense  of  smell.     (R.  1865) 209 

Senses,  the.    Sense  of  taste,  sense  of  hearing,  sense  of  sight.     (R.  1866) 214 

S^uard — See  Brown-S^uard. 

Series,  converging,  expressing  ratio  of  diameter  and  circumference  of  a  circle— 

W.  Ferrel —  2S$ 
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Seriola  Stearnsii,  new  species  of  amber  fish  from  Pensacola,  Florida,  desorip- 

lion  of— G.  B.  GooDB.     (P.  1879) 388 

Sermon  at  fuiieral  of  Joseph  Henry — S.  S.  Mitchsll 856 

Serpent  venom,  bibliography  of — S.  W.  Mitchell  .. 186 

Serpents,  catalogue  of— S.  F.  Baisi);  C.  Girabd 49 

Serpents,  lecture  on  nature  and  cure  of  bites  of — D.  Brainabd.     (R.  1854} 75 

Seven  cities  of  Cibola,  Coronado's  march  in  search  of  the — J.  H.  Simpson. 

(R.  1869) -. -     228 

Sexual  characters  of  eels— S.  T.  Oattib.     (P.  1880) '. 425 

Shad,  western  gizzard,  Doroawna  cepedianum  heterurwn^  notes  on — S.  Wilmot. 

(P.  1878) - - 882 

Shaksspsabe,  £.  O.    The  nature  of  reparatory  inflammation  in  arteries  after 

ligature,  etc.     Toner  lecture  No.  viiJ 321 

Shark,  the  oil,  of  southern  California,  {QaUorhiniLS  galeua) — D.  S.  Jobdav; 

0.  H.  GiLBEBT.     (P.  1880) —    425 

Shabpless,  T. ;  Pattebsok,  R.     Phonography.     (R.  1856) -. 91 

Shaw,  J.     Mound-builders  in  Rock  river  valley,  Illinois.     (R.  1877) 828 

Shea,  J.  G.     Account  of  library  of  Indian  linguistics.     (R.  1861) 149 

Shea's  Indian  linguistics,  recommendation  of— G.  Gibbs  and  others.     (R.  1861.)    149 

Shell-bed  skull— A.  S.  Tiffakt.     (R.  1874) 286 

Shell-deposits,  artificial,  of  the  United  States— D.  G.  Bbikton.     (R.  1866.)  214,  440 

Shell-deposits,  artificial,  in  New  Jersey— 0.  Rau.     (R.  1864) 188,  862 

Shell  engravings  granted  by  British  Museum.     (R.  1868) 187 

Shellfish  and  their  allies,  lectures  on— P.  P.  Cabpenteb.     (R.  1860) 147, 152 

Shell-heap  in  Georgia— D.  Bbown.     (R.  1871) - 249 

Shell-heaps — 

and  ancient  graves  of  California — P.  Schumacheb.     (R.  1874) 286 

at  mouth  of  St.  John's  river,  Florida— S.  P.  Matbebbt.     (R.  1877)...    828 

in  New  Brunswick— J.  Fowleb.     (R.  1870) 244 

of  Tampa  Bay,  Florida— S.  T.  Walkeb.     (R.  1879) 845 

on  Mobile  river,  Alabama— A.  S.  Gaines;  K.  M.  CuKNiKaHAU.     (R. 

1877) — 828 

Shell-mounds — See  Mounds. 
Shells- 
acknowledgment  for— W.  H.  Pease.     (R.  1861) : 149 

bibliography  of.    Parte  i,  ii— W.  G.  Binnet 142, 174 

duplicate,  collected  by  United  States  exploring  expedition — C.  Wilkes.   193 

from  California,  description  of  new  species  of,  in  U.  S.  National  Museum—^ 

W.  H.  Dall.     (P.  1878) 882 

from  Costa  Rica  kitchen-midden— W.  H.  Dall.     (P.  1878) 882 

land  and  fresh-water,  instructions  for  collecting— J.  Lewis.  (R.  1866)  214,  363 

land  and  fresh- water,  of  North  America  :  * 

Part    I.  PulmonatageophUa^W,  G.  Bikket;  T.  Bland —   194 
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Shells — Gontinued. 

land  and  fresb*water,  of  North  America : 

Part  II.  Pulmonaia  limn^fphUa  and  ThaUasophila—W.  O.  Biknkt.  143 

Part  III.  AmpuUariidm,  ValvatidcB,  (etc.)— W.O.  BumxT ^  144 

Part  iv.  StrepomaiidcB  {AmerictLTi  melanians) — 6.  W.  Tbtox,  Jr.  _.  253 

letter  on — J.  Lkwib 268 

North  American,  check-list  of— I.  Lea  ;  P.  P.  Cabpxntxr  ;  W.  Sniip- 

son;  W.  G.  Binket;  T.  Prime 128 

North  American,  circular  in  reference  to  collecting 176 

of  Qulf  of  California,  lectures  on  the— P.  P.  Carpenter.     (B.  1850)..   110 

of  Panama,  collected  by  C.  B.  Adams,  descriptions  of  new  species  sod 

varieties  of  ChiionidoB  and  Acmanda  in — P.  P.  Carpenter 252 

presented  to  Academy  of  Natural  Sciences,  report  on — J.  Leidt  ;  6.  W. 
Tbyon.     (B.  1866) 209 

request  for  duplicate— W.  B.  Logan.     (R.  1869) 110 

Shells — St£  Mollusca. 

Shspard,  C.  IT.    Arrangement  of  mineralogical  collection.     (B.  1861) 149 

Shspard,  B.  M.    Deposit  of  arrow-heads  near  Fishkill,  New  York.     (R.  1877.)  32} 

Sherman,  W.  T.     Memorial  address  on  J.  Henry :.. 866 

Sherman,  W.  T.    Report  of  National  Museum  Building  Commission,  1879, 

1880.     (R,  1879;  R.  1880) 346,442,409,434 

Shetland,  vegetable  colonization  of— C.  Martins.     (R.  1868) 109 

Shipping  fresh  flsh  and  other  animals,  circular  relative  to — S.  F.  Baird 384 

Shoal  Lake,  Lake  Winnipeg,  egging  expedition  to — D.  Gunn.     (R.  1867)  —    216 

Shooting  stars,  observations  on — S.  Mabtsrman.     (R.  1867) 107 

Short  memoirs  on  meteorological  subjects,  translated  by  C.  Abbe.  (R.  1877.)  328, 898 

Shoshone  Indians,  religion,  superstitions,  and  manners  of — A.  G.  Brackitt. 

(R.  1879)  ..1 — 845 

Shupsldt,  R.  W.    Remarks  upon  osteology  of  OpheosauruB  ventralis.  (^,  1881. )    467 

Siberia,  descriptions  of  new  fishes  from — T.  H.  Bean.     (P.  1881) ^^' 

SiBLST,  H.    Meteorological  telegrams  by  Western  Union  Telegraph  CompsDy. 

(R.  1862) .- 180 

Sight,  sense  of.     (R.  1866) 214 

Sign  language  among  North  American  Indians — G.  Mallsrt.     (B.  1879-80.)  476 

Sign  language  of  deaf  mutes — G.  Mallert.     (B.  1879-80) ^'*^ 

SiluridsB  of  fresh  waters  of  North  America,  synopsis  of — D.  S.  Jordan.... —  806 

Silver  coins,  assay  of,  at  United  States  Mint— J.  Pollock.     (R.  1868) 224 

Silver  coins,  foreign,  table  of.     (R.  1868) ~  224 

Silvered-glass  telescope,  on  construction  of — H.  Draper ^ 

Simpson,  G.     Letter  to  officers  of  Hudson's  Bay  Company  relative  to  scientiflc 

researches -«- ^^ 

Simpson,  J.  H.     Coronado's  march  in  search  of  the  seven  cities  of  Cibols. 

(R.  1809) - 2» 
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811C8OK,  R.     Meteorite  in  Mexico.     (R.  1867) 215 

Sioux  Indians— A.  G.  Bbackett.     (R.  1876) 299 

Sioux  Indians,  language  of  the— F.  L.  O.  Robhbig.     (R.  1871) 249,  878 

Sioux  nation  of  the  upper  Missouri^T.  A.  CiTLBBRTSOif.     (R.  1850) 28 

Sioux — See  Dakota. 

Siredon  lichenoides,  ohservations  on^W.  E.  Cablin.     (P.  1881) 467 

Six  Nations,  wampum  helU  of  the— W:  M.  Beauchamp.     (R.  1879) 846 

Skeletons  of  birds,  suggestions  for  saving  parts  of— A.  Newtoit.    (R.  1860) —  147 

Sketch  of— 

Academy  of  Science  of  Paris — M.  Floubeks.     (R.  1862) 150 

ancient  earthworks  of  Ohio— I.  Dille.     (R.  1866) 214 

ancient  earthworks  on  upper  Missouri^-A.  Babbamdt.     (R.  1870) .  244 

flora  of  Alaska-nJ.  T.  Rothrock.     (R.  1867) 216,  867 

Navajo  Indians— J.  Lettbbkak.     (R.  1856) 77 

scientific  work  of  Joseph  Henry — W.  B.  Tatlob 866,  339 

Sketches,  historical  and  bibliographical,  of  archeology  of  United  States — 8.  F. 

Haybn 71 

Sketches  of  scenery,  catalogue  of— J.  M.  Stanley 68 

Skull— 

and  long  bones  from  mounds  near  Albany,  Illinois — R.  J.  Farquhab- 

SOK.     (R.  1874) 286 

human,  from  Rock  Bluff,  Illinois, description  of-— J.  A.  Meios.  (R.  1867.)  216 

human,  present  state  of  ethnology  in  relation  to  form  of  the — A.  Retziub. 

(R.  1869) 110 

shell-bed,  from  Rock  Island,  Illinois— A.  8.  Tivvant.     (R.  1874) 286 

Skulls  and  mummy  from  Pategonia— A.  Ried.     (R.  1862) 160 

Sloth  tribe  of  North  America,  extinct— J.  Leibt 72 

Smallwood,  G.    Description  of  observatory  at  St.  Martin,  Isle  Jesus,  Canada 

East.     (R.  1866) 91 

Smabt,  C.    Netes  on  the  Tonto  Apaches.     (R.  1867) 216 

Smell,  sense  of.     (R.  1866) -• 209 

Smelt,  surf,  of  northwest  coast,  and  method  of  taking  by  Indians— J.  G.  Swan. 

(P.  1880) - 426 

Smith,  B.     Spanish  works  on  New  Mexico.     (R.  1856) 77 

Smith,  C.  D.     Ancient  mica  mines  in  North  Carolina.     (R.  1876) . 299 
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Smith,  J.  W.  C.     Antiquities  of  Yazoo  county,  Mississippi.     (R.  1874) 286 

Smith,  N.  D.     Meteorological  observations  made  near  Washington,  Arkansas.   131 

Smith,  R. — 

Description  of  new  gobioid  fish  (Othonop$  eo$)  from  San  Diego,  Cali- 
fornia.    (P.  1881) 467 

Description  of  new  species  of  gobiesox  {Gobiesox  rheeaodon)  from  San 

Diego,  California.     (P.  1881) 467 

Occurrence  of  species  of  cremnobates  at  San  Diego,  California.   (P.  1880* )  426 
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Smith,  S.  B.    On  the  Chinook  names  of  salmon  in  Columbia  river.    (P.  1881.)  467 
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Crustaceans  of  Eerguelen  Island .. 294 

Notice  of  Crustacea  dredged  off  south  coast  of  New  England  in  1880.    (P. 
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Occurrence  of  CheUira  terebrans  (crustacean  destructive  to  timber)  on 
coast  of  United  States.     (P.  1879) — 883 

Smithson  fbnd,  memorial  of  Regents  to  Congress  relative  to  the.     (R.  1860) 28 

Smithson,  James — 

act  of  Congress  to  receive  residuary  legacy  of.     (R.  1866) 214, 829 

catalogue  of  library  of - 880 

character  and  researches  of — ^W.  R.  Johkson ^ 827 

contributions  to  Annals  of  Philosophy  by.     (R.  1868) 67, 880 
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letters  from  Pladgate,  Clark,  and  Finch,  relative  to.     (R.  1861) 149, 828 
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OF  SMITHSONIAN  PUBLICATIONS.  808 

SmitbBonian  Institution — Continued. 

origin  and  history  of — W.  J.  Bhbss 328 
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SoKNTAO,  A.    Observations  on  terrestrial  magnetism  in  Mexico « —  114 

Sonora,  plants  collected  in,  by  0.  Wright — A.  Gbat 22 

Sound,  refraction  of— W.  B.  Taylor.     (R.  1875) 298 

Sound,  researches  in — J.  Hbnrt.     (R.  1878) $41, 4W 

Soundings,  microscopical  examination  of — J.  W.  Bailbt 20,23 

Sounds,  vocal,  of  Laura  Bridgman— F.  Liebbr ^..^    12 
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AparrowB  sent  to  United  States— W.  A.  Llotd.    (R.  1867) ^^ 
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Spheres,  tangencies  of — B.  Alvord 80 

Spleen,  observations  on — J.  Jones 82 
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1871) 249 
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(R.  1865) - 77 
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Stars— 
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Stbllb,  J.  P.   Account  of  aboriginal  ruins  in  Hardin  Co.,  Tennessee.  (R.  1870.)  244 

Stblle,  J.  P.    Account  of  aboriginal  ruins  at  Savannah,  Tennessee.  (R.  1870.)  244 
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Stimpson,  W. — 
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Storms — 

in  Europe  and  America,  December,  1836 — E.  Loomis 127 
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Strait  of  Juan  de  Fuca,  description  of  new  species  of  Paralepia  {Para,lepia  corus' 
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consin.    (R.  1876) - _ 299 

Structure,  internal,  of  the  earth — J.  G.  Babkard 310 

Structure  of  cancerous  tumors.    Toner  lecture  No.  i — J.  J.  Woodward 266 
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skulls  and  long  bones  from  mounds  in  Illinois — R.  J.  Farquhabbon. 
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relative  to  ethnological  map  of  North  America — L.  H.  Morgan.  (R.  1861.)  149 

relative  to  objects  of  scientific  investigations  in  Russian  America — J. 
Henry;  S.  F.  Baird 207 

to  beginners  in  botany — ^L.  P.  Ward 460 

Sulphurous  acid,  action  of,  upon  putrefactive  bacteria.     (P.  1881) 4$7 

Sumichrast,  P.,  birds  of  Mexico,  collected  by — G.  N.  Lawrence 1 295 

Summary  of  anthropological  correspondence  previous  to  1880 — O.  T.  Masok. 

(R.  1879) _ M5 

Sun- 
chemical  analysis  of  the — A.  Laugel.     (R.  1861) 1^9 

disk  of  the,  external  appearance  of.     (R.  1866) »^^ 

eclipse  of  the,  September  7,  1868— J.  M.  Gilliss 100 

eclipse  of  the,  March  16,  1868— T.  Hill _ ^-    101 

eclipse  of  the,  April  26,  1866— M.  De  Prados.     (R.  1864) —    1^ 

relative  intensity  of  heat  and  light  of  the— L.  W.  Mbsoh.     (R.  1856.)  91, 63 
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SuNDKBLAND,  B.     Prayer  at  memorial  of  Joseph  Henry 356 

Sun's  distance,  means  available  for  correcting  measures  of  the — G.  B.  Airt. 

(R.  1859) J 110 

Superstitions  of  Shoshone  Indians — A.  G.  Brackett    (R.  1879) 845 

Supplement,  asteroid,  to  new  tables  of  planetary  motion — J.  D.  Runklb 94 

Surgery,  subcutaneous.    Toner  lecture  No.  vi — W.  Adams ««  302 

Surgical  complications  and  sequels  of  continued  fevers.    Toner  lecture  No.  y — 

W.  W.  Keen - —  300 

Survey — 

in  Michigan,  catalogue  of  rocks,  minerals,  and  ores  collected  in  the — 0.  T. 

Jagksok.     (R.  1854) .*  75 

magnetic,  of  Pennsylvania  and  parts  of  adjacent  States — A.  D.  Bachb.  166 

of  economic  geology  of  Trinidad — G.  P.  Wall  ;  J.  G.  Sawkins.     (R. 

1856) 91 

of  State  of  New  York— E.  G.  Squibb 15 

Surveying  expedition.  North  Pacific,  natural  history  of — ^T.  H.  Stbbbts ...  303 

Surveys,  Government — See  Explorations. 

Swan,  J.  G. — 

Eulachon,  or  candlefish  of  northwest  coast.     (P.  1880) 425 

Haidah  Indians  of  Queen  Charlotte's  Island?,  British  Oolumbia ..  267 

Makah  Indians  of  Cape  Flattery,  Strait  of  Fuca 220 

Makah  vocabulary 220 

Surf  smelt  of  the  northwest  coast,  and  mode  of  taking  them  by  the 

Quillehuto  Indians  of  west  coast  of  Wash ington  Territory.  (  P.  1880. )  426 

Sweden,  Stockholm,  Academy  of  Sciences.  Acknowledgment  of  birds.  (R.  1867.)  215 

Switzerland — 

Concise,  archaeological  researcBes  made  at — F.  Troton.     (R.  1861) 149 

Crania  helvetica— F.  Troton.     (R.  1864) « 188 

lacustrian  cities  of— F.  Troton.     (R.  1861)  .— 149 

lacustrian  settlements  in,  abstract  of  Dr.  Keller's  report  on — A.  Horlot. 

(R.  1868) -.1 187 

Lake  of  Neuch&tel,  palafittes  or  lacustrian  constructions  of — E.  Desor. 

(R.  1865) - 209,  360 

Lausanne,  Cantonal  Museum  at,  antiquarian  and  ethnological  collections 

of  the— F.  Troton.     (R.  1861) _  149 

lecture  on— A.  D.  Baohe.     (R.  1870) 244 

Syllabus  of  a  course  of  lectures  on  physics — J.  Henrt.     (R.  1856) ... 91 

Symbols  for  charts  of  prehistoric  archeology,  international  code  of — G.  de 

MoBTiLLET ;  E.  Chantre.     (R.  1876) 298 

Symbols  used  by  James  Smithson 827 

Synopsis  of — 

American  Khinohatid<»-^.  Garman.     (P.  1880) 426 

American  wasps,  solitary  wasps — H.  De  Sausbubb .. 254 

catostomidsB — D.  S.  Jobdan 808 
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Bynopni  of — Gontlnaed. 

nuuine  inTertebraU  of  Grtnd  ICaomn— W.  SriiCFaoM SO 

North  American  lepidopter*— J.  O.  Mobrib 133 

North  American  nearoptera — H.  Haoxv;  P.  R.  Uhubb 131 

pedicalate  fishes  of  east  coast  of  extra  tropical  North  America — ^T.  GoL. 
(P.  1878) m 

scientific  writings  of  Sir  William  Uerschel — B.  S.  Holdu  ;  C.  S.  Has- 
Tnros.     (R.  1880) 442, 426 

silnridsB  of  fresh  waters  of  North  America — D.  S.  Jokdax 106 

trochilids»— D.  G.Elliott 317 

useful  and  injurious  animals — G.  B.  Goods -  297 

Synoptical  tables  of  characters  of  mammals — ^T.  Gill 2)0 

Synthetic  experiments  relative  to  meteorites — G.  A.  DAVBatx.     (R.  1868) 224 

Syria,  Beirut,  sarcophagus  from — A.  A.  Hajiwood.     (B.  1870) 244 

System- 
meteorological,  of  Smithsonian  Institution — ^E.  FoaBMAjr.     (R.  1851; 
Rri852) 61,57 

of  accounts  adopted  by  Board  of  Regents.     (R.  1866) 214 

of  combined  meteorological  observations,  report  on,  by  committee  of 
American  Association  for  Advancement  of  Science.     (R.  1851) 61 

of  numeration,  improved,  report  on — W.  B.  Tatlob.     (R.  1867)      .        215 

of  weights  and  measures,  new — G.  H.  Khioht.     (R.  1867) 2U 

solar,  harmonies  of  the — S.  Alxzajtdbb .. 280 

Systematic — 

index  of  Smithsonian  publications.     (R.  1868) 224, 478 

index  to  list  of  foreign  correspondents .... 257 

list  of  batrachia  and  reptilia— E.  D.  Copb 292 

review  of  classification  of  birds — W.  Lilljbbobq.     (R.  1866) 209,  S64 

Systems  of  consanguinity  and  affinity  of  the  human  &mily — L.  H.  Moboav..  218 

Systems  of  relationship  of  Cree  Indians — B.  A.  Watkins.     (R.  1862) 16<^ 
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Tftble  of-— 

anthropological  measurements — Schbbzkb;  Schwabz.    (B.  1866) 214 

chemical  equivalents  of  slxty-ibree  elements.    (R.  1864) 188 

distribution  of  birds— G.  N.  Lawbknck.     (P.  1878) ZSZ 

foreign  gold  and  silver  coins.     (B.  1868) .-. ^ 224 

Tables— 

asteroid— J.  D.  Bukklb 94 

barometrical — A.  Gutot 163 

for  conversion  of  centigrade  degrees  to  Fahrenheit's  scale.     (R.  1868)  ..    187 

for  determining  values  of  coefficients  in  perturbative  function  of  planetary 

motion  which  depend  on  ratio  of  mean  distances — J.  D.  Runkls..     79 

hygrometrical — A.  Gtitot 158 

hypsomotrical— A.  Gutot ^ 158 

meteorological — A.  Gutot 31,  153 

metric— H.  A.  Nkwtok.     (B.  1865) - 209,  371 

miscellaneous — A.  Gutot 158 

mortality,  methods  of  interpolation  applied  to.    Parts  i,  ii — E.  L.  Dx 

Forest.    (R.  1871;  R.  1878) _ 249,  275 

of  atmospheric  temperature — C.  A.  Schott 277 

of  constants  of  nature  and  art— 0.  Babbaob.     (R.  1856) 91 

of  expansion  by  heat.    Constants  of  Nature,  Part  iii — F.  W.  Clarke.  289 

of  meteorological  corrections — A.  Gutot 158 

of  motion  of  Neptune— 8.  Nbwcomb 199 

•    of  motion  of  Uranu$ — 8.  Newcomb 262 

of  precipitation  in  rain  and  snow— C.  A.  Schott 222,  353 

of  variations  of  elements  of  orbits  of  the  eight  principal  planets — J.  N. 

Stockwell 282 

of  weights  and  measures,  English  and  French.     (R.  1868-1865.)  187,  188,  209 

of  winds  of  the  globe — J.  H.  Coffin  ;  S.  J.  Coffin 268 

physical— A.  Gutot .. , 153 

psychrometrical — J.  H.  Coffin 87 

specific  gravity.    Constants  of  Nature,  Part  i,  and  supplement — P.  W. 

Clarke 255,  288 

specific  heat.    Constants  of  Nature,  Part  ii— P.  W.  Clarke 276 

thermometrical — A.  Gutot 153 

Tablet,  Palenque— C.  Rau 331 

Tacghimi,  p.    Evaporation  observed  at  Palermo  in  1865  and  1866.     (R.  1870.)  244 

Tampa  Bay,  Florida,  shell-heaps  of— S.  T.  Walker.     (R.  1879) 845 

Tangencies  of  circles  and  of  spheres — B.  Alyord 80 

Taste,  sense  of.     (R.  1866) _ : .  214 
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Taxidermy,  clafeiflcation  of  collections  of  U.  S.  National  Museum  to  iltustrmte 

art  of— W.  T.  Hornaday.     (P.  1881) 467,456 

Taylor,  A.  S.     Grasshoppers  and  locusts  of  America.     (R.  1858) 109 

Taylor,  F.  W.     Report  of  chemist  of  Smithsonian  Institution.     (R.  1880)...    442 

Taylor,  W.  B-— 

Henry  and  the  telegraph.     (R.  1878). 841,405 

Kinetic  theories  of  gravitation.     (R.  1876) _ 299, 395 

Memoir  on  the  scientific  work  of  Joseph  Henry 856, 339 

Refraction  of  sound.     (R.  1875) _. 298 

Report  on  improved  system  of  numeration.     (R.  1867) 215 

Thoughts  on  the  nature  and  origin  of  force.     (R.  1870) 244, 375 

Taylor,  W.  M.     Ancient  mound  in  western  Pennsylvania.     (R.  1877) 32S 

Telegrams,  astronomical,  circular  relative  to — J.  Hknry 263 

Telegrams,  meteorological,  hy  Western  Union  Telegraph  Company — H.  Siblsy. 

(R.  1862) , — - 160 

Telegrams  rAd  at  memorial  of  Joseph  Henry 356 

Telegraph — 

American  fire-alarm,  lecture  on  the— W.  F.  Channino.     (R.  1854) 75 

electro-magnetic,  deposition  of  J.  Henry  in  relation  to.  (R.  1857)..  107,  US 
electro-magnetic,  Henry's  contribution  to — W.  B.  Taylor.  (R.  1878.)  841, 405 
electro-magnetic,  Morse's  invention — W.  B.  Taylor.  (R,  1878)  ..  841,  405 
electro-magnetic,  proceedings  of  Board  of  Regents  in  relation  to.    (B. 

1857) - 1.  107,  U5 

Henry  and  the— W.  B.  Taylor.     (R.  1878) 405 

history  of  the— J.  Hknry.     (R.  1857) _..  107, 115 

influence  of  aurora  on  the — ^W.  D.  Sargbnt.     (R.  1870) 24* 

lines,  phenomena  in,  during  auroras — G.  B.  Donati.     (R.  1872) 271 

report  of  Committee  of  Regents  on  the.     (R.  1857) 107, 115,  829 

statement  of  S.  P.  Chase  relative  to  the.     (R.  1857) 107, 115,  329 

sUtement  of  L.  D.  Gale  relative  to  the.     (R.  1857) 107, 115,  829 

statement  of  James  Hall  relative  to  the.     (R.  1857) 107, 115, 829 

statement  of  J.  Henry  relative  to  history  of.     (R.  1857) 107,  115,  329 

statement  of  Charles  Mason  relative  to  the.     (R.  1857) 107,  115, 329 

Telegraphic  announcements  of  astronomical  discoveries — J.  Henry 263 

Telescope — 

Henry  Draper's,  account  of— T.  W.  Wmb.     (R.  1864) _    188 

silvered-glass,  construction  of,  and  its  use  in  celestial  photography — H. 

Draper ISO 

Spencer's,  examination  of,  for  Hamilton  College,  Clinton,  N.  Y.  (R.  1855.)     T! 

Temperature — 

chart  of  United  States  for  the  year— C,  A.  Schott 381, 388 

charts  of  United  States,  summer,  winter,  and  year — C.  A.  Schott 387 
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Temperature — Continued. 

in  ascending  currents  of  air,  laws  of  variation  of— J.  Hakn.  (R.  1877.)  828,  898 

in  ascending  moist  currents  of  air,  laws  of  variation  of— L.  Sohkgkb. 

(B.  1877) 828,  898 

mean,  best  hours  to  find— 0.  Dkwet.     (R.  1867  j  R.  1860) 107,  147 

observations  in  the  Arctic  Seas — I.  I.  Hates 196 

observations  in  the  Arctic  Seas — E.  K.  Kane 104 

observations  in  the  Arctic  Seas — F.  L.  MgClintock 146 

of  St.  Louis,  Missouri— A.  Fbndler.     (R.  1860) 147 

tables  for  United  States  and  adjacent  parts  of  America — G.  A.  Schott-.,  277 

underground— G.  A.  Schott;  J.  D,  Eysrbtt.     (R.  1874) 286 

Temperature — See  Kane,  Hayes,  Meteorology,  etc. 

Tempests  and  tornadoes,  distinction  between — J.  B.  Lamarck.     (R.  1871) 249 

Tennessee-^ 

aboriginal  remains  of —J.  Jones 269 

Alleghany  region  of,  fishes  of— D.  S.  Jordan  ;  A.  W.  Bratton.^ 808 

antiquities  in— I,  Dillb.     (R.  1862) 150 

antiquities  in— E.  O.  Dunninq.     (R,  1870) 244 

antiquities  of— W.  M.  Glark.     (R.  1877) 1— 828 

antiquities  of— J.  Jones j 259 

antiquities  of— D.  P.  Wright.     (R.  1874) 286 

Blount  county,  antiquities  of— A.  B.  Law.     (R.  1874) 286 

Chattanooga,  ancient  mound  near — M.  G.  Read.     (R.  1867) 216 

Bast,  mound  in— A.  F.  Danilben.     (R.  1868)  „ 187 

explorations  in— E.  A.  Dayton.     (R,  1870) — >  244 

Hardin  county,  aboriginal  ruins  in — J.  P.  Stells.     (R.  1870) 244 

herbarium  captured  in— H.  R.  Wirtz.     (R.  1862) 150 

Jackson  county,  antiquities  of— J.  Haile;  J.  W.  McHenrt.    (R.  1874.)  286 

» 

Nashville,  antiquities  of— R.  S.  Robertson.     (R.  1877) 828 

Savannah,  aboriginal  ruins  at — J.  P.  Stelle.     (R.  1870) 244 

stone  image  in,  discovery  of— E.  M.  Grant.     (R.  1870) 244 

Terrestrial  magnetism — 

observations  on — W.  Harkness — 289 

observations  on — J.  Locks 35 

observations  on — Baron  yon  Muller;  A.  Sonntao ^  114 

Terrestrial  magnetism — See  Bache,  A.  D. 

Terrestrial  physics,  articles  on.     (R.  1870) 244 

Tertiary  fossils,  presented — Imperial  Oeoloqical  Institute,  Vienna.    (R. 

1863) - : 187 

Testing  building  materials,  on  mode  of— J.  Henrt.     (R.  1856) 91 

Testing  results  of  perspiration  and  respiration,  apparatus  for — M.  Pettenkofbr. 

(R.  1864) -.  188 
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hail  storm  in— G.  M.  Bachs.     (B.  1870) ^ 244 

new  cretaceous  invertebrate  fossils  from,  descriptions  of-— 0.  A.  WHm. 


ornithology  of,  notes  on — J.  C.  Mbbrill.     (P.  1878) 832 

plants  of,  collected  by  0.  Wright.    Parts  i,  ii— A.  Gkat 22, 42 

zoological  position  of—-E.  D.  Oops 412 

Thalassophila— W.  G.  Binnky 143 

Th6nard,  L.  J.,  memoir  of,  by  M.  Eloubbkb.     (B.  1862) 150 

Theoretical  researches — See  Plateau,  J. 

Theories,  kinetic,  of  gravitation— W.  B.  Tatlob.     (B.  1876] 209, 39S 

Theory — 

mechanical,  of  heat,  principles  of— J.  MtJLLXB.     (B.  1868) 224 

modern,  of  chemical  types — C.  M.  Wjethbrill.     (B.  1868) 187 

of  heat,  recent  progress  in  relation  to — A.  Cazik.     (B.  1868) 224 

Thermometer  scales,  table  for  conversion  of  centigrade  to  Fahrenheit.  (B.  186S.)   1B7 

Thermometer,  wet  and  dry  bulb,  tables  for — J.  H.  Coffin W 

Thermometric  observations 15" 

Thermom.etrical  tables — A.  Gutot 153 

Thompsok,  T.     M<ninds  in  Iowa  and  Illinois.     (B.  1879) 345 

Thoughts  on  the  nature  and  origin  of  force— W.  B.  Tatlob.     (B.  1870)..  244, 375 

Thrushes,  description  of  two  new,  from  United  States — B.  Bibowat.   (P.  1881.)  4^ 

Thunder— 

and  lightning,  observations  on — S.  Mastxbmak.     (B.  1855) h 

storm,  on  John  Wise's  observation  of  a — B.  Habx.     (B.  1854) *5 

storms,  instructions  for  observations  of— J.  Hbnbt  ....^ ... 335 

Tidal  observations — 

at  Wolstenholm  Sound— Com.  SAUXTDXBe 130 

in  the  Arctic  Seas — I.  I.  Hatxs 196 

in  the  Arctic  Seas— E.  K.  Kastb . 130 

Tide,  flood,  law  of  deposit  of  the — C.  H.  Davis 33 

Tides  and  tidal  action  in  harbors — J.  E.  Hilqabd.     (B.  1874) 286, 390 

TiFFAirr,  A.  S.     Shell-bed  skull  from  Illinois.     (B.  1874) » 

Timber  of  submarine  structures,  occurrence  of  Chelura  ierdfrans,  a  cnistacesQ 

destructive  to— S-  I.  Smith.     (P.  1879)  ->. 338 

Time  and  space,  lecture  on  relations  of — S.  Alexamdxb.     (B.  1861) H9 

Tinneh  or  Chepewyan  Indians  of  British  America — G.  Gibbs  ;  W.  L.  Hard- 

istt;  S.  Jones;  B.  B.  Boss.     (B-  1866)— 214, 3^5 

Tipulids,  monograph'  of— E.  Ostxn  Sackxm 219 

ToxLLXXB,  A.     Antiquities  of  Bock  Island  county,  Illinois.     (B.  1879) 3i5 

Tokio,  University  of,  catalogue  of  Japanese  woods  presented  by — L.  F.  Waid. 

(P.  1881) 4«T 
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Tompkins  county,  Kew  York,  ancient  fort  and  burial  ground  in — D.  Tbow* 

BRIDGB.     (R.  1868) 187 

ToNXB,  J.  M.    Deed  of  foundation  of  Toner  lectures.    (B.  1872) 271,  829 

Toner  lectures — 

No.  I.  On  the  structure  of  cancerous  tumors  and  the  mode  in  wliich  adja- 
cent parts  are  invaded — J.  J.  Woodward ^ . ^....-.  266 

n.  Dual  character  of  the  brain — C.  B.  BROWN-SfiQUABD 291 

ni.  On  strain  and  over-action  of  the  heart — J.  M.  Da  Costa 279 

lY.  A  study  of  the  nature  and  mechanism  of  fever — H.  0.  Wood 282 

T.  On  the  surgical  complications  and  sequels  of  the  continued  fevers, 
with  a  bibliography  of  works  on  diseases  of  the  joints,  bones, 
larynx,  the  eye,  gangrene,  hiematoma,  phlegmasia,  etc. — W.  W. 

Kkkk 300 

Ti.  Subcutaneous  surgery,  its  principles,  and  its  recent  extension  in 

practice — W.  Adams 302 

.  YU.  The  nature  of  reparatory  inflammation  in  arteries  after  ligature, 

acupressure,  and  torsion — B.  O.  Shakkspsabk 321 

Tni.  Suggestions  for  the  sanitary  drainage  of  Washington  city— G.  B. 

Warino,  Jr. 349 

Tonto  Apaches,  notes  on  the— 0.  Smart.    (B.  1867) 216 

Topography  of  Black  Mountain,  North  Carolina— T.  L.  Glikoman.  (B.  1855.)  77 

Tornado  in  Spruce  creek  valley,  Centre  county,.  Pennsylvania— J.  B.  HiBX. 

(B.  1871) - 249 

Tornado  near  New  Harmony,  Indiana,  April  80,  1852 — J.  Chappblsmith 59 

Tornadoes  and  tempests,  distinction  between — J.  B.  Lamabck.    (B.  1871) 249 

*  Tornadoes,  queries  relative  to— J,  Hbxbt 190 

Toronto^ 

Observatory,  instructions  by,  for  observations  of  aurora 148 

Observatory,  map  of  stars  near  North  Pole  used  by «  850 

University.    Objects  of  the  museum.     (B.  1865) 209 

University.     Scientific  cooperation.     (B.  1861) 149 

Torrey,  John,  memoir  of,  by  A.  Gray.     (B.  1878) 275 

TORBBY,  J. — 

Observations  on  the  Batia  maritima 60 

On  the  DarlingUmia  Califomica,  a  new  pitcher  plant  from  northern  Cali- 
fornia   61 

Plantse  Fr^montiane,  or  descriptions  of  plants  collected  by  J.  C.  Fr^ 

mont  in  California " — .— ., 46 

Tortoises,  North  American  land,  of  genus  Xerobaiea — F.  W.  Tbub.    (P.  1881.)  467 

Tortola,  great  hurricane  at— G.  A.  Latimbb.     (B.  1867) i-. 215 

Tortugas,  destruction  of  fish  in  vicinity  of  the — J.  P.  Jbffbbsok;  J.  Y.  Pob- 

tbb;  T.  Moobb.    (P.  1878)-,- 882 

Totten,  Gen.  J.  G.,  eulogy  on,  by  J.  G.  Babnabd.     (B.  1865) 209 

Traces  of  early  mental  condition  of  man— B.  B.  Tylob.    (B.  1867) 216 
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Trade^ 

ancient  aboriginal— 0.  Bau.     (R.  1872) '. 271, 440, 385 

language  of  Oregon,  dictionary  of  the — G.  Gibbs 161 

language  of  Oregon,  vocabulary  of  the— B.   R.  Mitchell;   W.  W. 
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